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PREFACE TO SECOND EDmON 

FiJTKEN years have elapsed sinoe the oiiginal publication of 
the present work ; and fifteen years count as a long spell of 
time where sidereal research is in question. In preparing 
the Second Edition, accordingly, I have introduced extensive 
modifications. Considerable sections of the book have been 
recast, and all have been thoroughly revised. New chapters 
have been inserted, old ones have been in large part suppressed. 
Drastic measures of reform have, in short, been adopted, with 
results that certainly import progress and (it is hoped) con- 
stitute improvements. Most of the Illustrations are entirely 
new ; and I am under great obligations for the use of valuable 
photographs and drawings, among others, to Sir David Gill, 
F.B.S., to Professor Hale and the University Press of Chicago, 
to the Bev. W. Sidgreavee, S.J., to Professors K C. Pickering, 
Campbell, Barnard, and Frost, and to Dr. Max Wolf of 
Hddelberg. 

London, /Wy 1005. 
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PBEFACE TO THE FIRST EDITION 

SiDBSEAL science has a great future before it. The prospects 
of its advance are incalculable ; the possibilities of its develop- 
ment virtually infinite. No other branch of knowledge 
attracts efforts for its promotion, at once so wide-spread, so 
varied, and so enthusiastic; and in no other is anticipation 
so continually outrun by the brilliant significance of the 
results achieved 

For the due appreciation, however, of these results, some 
preliminary knowledge is required, and is possessed by few. 
To bring it within the reach of many is the object aimed at 
in the publication of the present voluma Astronomy is 
eeeentially a popular science. The general public has an 
indefeasible right of access to its lofty halls, which it is all 
the more important to keep cleared of unnecessary technical 
impediments, that the natural tendency of all sciences is to 
become specialised as they advance. But liteiary treatment 
is the foe of specialisation, and helps to secure, accordingly, 
the topics it is applied to, against being secluded from the 
interest and understanding of ordinarily educated men and 
women. Now, in the whole astonishing history of the human 
intellect, there is no more astonishing chapter than that con- 
cerned with the sidereal researches of the last half century. 
Nor can the resources of thought be more effectually widened, 
or its principles be more surely ennobled through the vision 
of a Higher Wisdom, than by rendering it, so far as possible, 
intelligible to alL 
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X THE SYSTEM OF THE STABS 

The following pages then embody an attempt to combine, 
in a general survey, some definite particulars of knowledge 
regarding our sidereal surroundings. The plan pursued has 
been to instruct by illustrative examples, to select typical 
instances from each class of phenomena, dwelling upon them 
with sufficient detail to awaken interest and assist realisation, 
while avoiding the tediousness inseparable from exhaustive 
treatment In developing the subject, it seemed best to 
proceed from the particular to the general; to start with 
describing the physical constitution of individual bodies, and 
ascending by degrees through continually added complexities 
of mutual relationships, reach at last the crowning problem of 
the Construction of the Heavens. 

The writer gratefully acknowledges the assistance derived, 
in the preparation of the present work, £rom the kindness of 
Sir David Gill, H.M. Astronomer at the Cape, first and chiefly 
in afibrding her an opportimity of observing in southern skies ; 
secondly, in reading over several of its chapters in manuscript 
Her thanks are also due to Professor K S. Holden, to Messrs. 
Bumham, Eeeler, and Barnard ; to Professor K C. Pickering, 
director of Harvard College Observatory ; to Sir William and 
Lady Huggins, Sir Norman Lockyer, Drs. Vogel, Schonfeld, 
and others for communications of great interest and value. 

LoNDOV, S^pUmJber 25, 1890. 
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CHAPTER I 

THE TASK OF SIDEREAL ASTRONOMY 

When all the stars blaze out on a clear, moonless night, it 
seems as if it would be impossible to count them ; and yet it 
is seldom that more than 2000 are visible together to the 
unaided eye. The number, however, depends very much 
upon climate and sharpness of sight. Argelander enumerated 
at Bonn, where rather more than eight-tenths of the sphere 
come successively into view, 3256 stars.^ But of these no 
more than 2000 could be, at any one time, above the horizon, 
and so many would not be perceptibly above it, owing to the 
quenching power of the air in its neighbourhood. Heis, with 
exceptionally keen sight, distinguished at Mlinster 1445 
more stars than Argelander had seen at Bonn;^ Houzeau 
recorded 5719 at Jamaica;' Gould 7756 within 100° of 
the south pole at Cordoba in South America.^ The dis- 
crepancies of these figures are due to the multitude of small 
stars always, it might be said, hovering on the verge of 
visibility. If, indeed, the atmosphere could be wholly with- 
drawn, fully 25,000 stars would, according to a trustworthy 
estimate, become apparent to moderately good eyes.^ 

Our system of designating the stars has come down to us 
from a hoar antiquity. It is a very embarrassing one. " The 
constellations," Sir John Herschel remarks,^ "seem to have 

^ Ura/Mmstria Nofta^ 1848. 

* Heis, De MagnUudiM Nunuroque Stellarum, p. 16, 1852. 

* Uranom^trie 04n4raU, Annales de rObseryatoire de Bruzelles, t i. 1878. 
« Uranomstria ArffmUna, 1879. 

* Backhouse, Journal Liverpool Astr. Society, yoL viL p. 226. 

* TreaiiH on Agtronomy, p. 168, note. 
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2 THE SYSTEM OF THE STAES 

been almost purposely named and delineated to cause as 
much confusion and inconvenience as possible. Innumerable 
snakes twine through long and contorted areas of the heavens 
where no memory can follow them ; bears, lions, and fishes, 
large and small, northern and southern, confuse all nomen- 
clature." And yet we could ill afford to dispense with the 
picturesque associations of a menagerie, largely stocked £rom 
the banks of the Euphrates. The signs of the Zodiac, which 
are undoubtedly of Chaldean origin, embody legendary cycles 
of thought already, some four thousand years ago, the worse 
for the wear and dilapidated by time. Homer and Hesiod 
were familiar with the Bear, Arcturus, and the Dog-st6u:, with 
" the Hyades, and the Pleiades, and the strength of Orion." 
The Little Bear was introduced from Phoenicia, when the 
Pole-star became the mariner's " cynosure." Finally, a number 
of individual stars have Arabic appellations, dating from the 
epoch of Saracen supremacy over science. Thus " Vega," the 
current name of the brightest star in the Greek constellation 
of the Lyre, is the remnant of an Arabic phrase signifying 
the "Falling Eagle," while "Altair" stands for the "Flying 
Eagle ; " " Deneb " means the Tail of the Swan ; " Fomalhaut," 
the "Mouth of the Fish;" "Rigel" in Orion is the Leg, 
" Betelgeux," the " Shoulder of the Giant," and so on. 

The constellations ^ now generally recognised are eighty- 
six in number, of which forty-eight are found in Ptolemy's 
"Almagest." From Ptolemy, too, is derived the method of 
classifying the stars by " magnitudea" This is a most in- 
appropriate term, since none of the stars have any perceptible 
dimensions. They are literally what Shelley calls them, 
" atoms of intensest light " — globes shrunken by distance to 
the semblance of mere shining needle-pointa Our own sun, 
removed to the place of the nearest fixed star, would be in 
the same condition ; contracted to x^''' ^^ diameter would 
be utterly inappreciable with the largest telescope. It is 
true that the telescopic images of the stars appear to 
be of measurable size; but this is a purely optical effect, 
and the "spurious discs" shown by them actually grow 

^ For an easy method of identifying the chief northern stars, see Sir Rohert 
BaU's Story of the BeavenSy p. 372; also the " Uranography " in Young's 
ElementB of Astronomy y 1890. 
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THE TASK OF SIDEKEAL ASTKONOMY 3 

smaller instead of larger as the power of the instrument is 
increased. 

" Magnitude " has, then, nothing to do with apparent size, 
but refers entirely to apparent lustre, which depends upon 
distance and intensity of shining, as well as upon actual 
dimensions. The faintest stars have the highest numerical 
magnitudes ; and it has been found that the gap between each 
suGcessiye order, as represented by the stars traditionally 
belonging to it, corresponds to a falling-off of light in the 
proportion of about 2^ to 1. The arrangement by magnitudes 
is, of course, entirely arbitrary; natural gradations are not 
by a flight of steps, but along an inclined plane. Stars classed 
as of the first magnitude (of which there are ten in each 
hemisphere) ^ differ accordingly very much among themselves. 
Sirius exceeds Begulus no less than fourteen and a half times ; 
Vega is more than twice as brilliant as Aldebaran. Vega, 
Capella, and Arcturus hold a co-ordinate primacy in the 
northern hemisphere, but are outshone in the southern by Sirius, 
Canopus, and a Centauri. Of second magnitude are the seven 
stars grouped to form " Charles's Wain," the Pole-star, and some 
of the most vivid gems in Perseus, Cassiopeia, and. the Swan. 
Stars of the sixth magnitude are the faintest ordinarily visible 
to the naked eye ; but those of the seventh can be seen under 
advantageous drcumstancea The plan, introduced by Bayer 
in 1603, of naming the stars of the several constellations 
roughly in order of brightness by the letters of the Greek 
alphabet, established for each a kind of light-sequence, useful, 
though far from exact. The smaller stars are usually dis- 
tinguished by the numbers attached to them in various 
cataloguea 

One of the most notorious circumstances about the stars 
is their ** twinkling.*' They undergo, especially when near the 
horizon, extremely rapid changes of lustre, attended sometimes 
by the glinting of prismatic colours. Nor do all stand, in this 
respect, on the same level White stars twinkle more than 
red ones. Even early and untutored observers noticed how 

The fiery Sirius alters hue, 
And bickers into i«d and emerald. 

^ See Appendix, Table I. 
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whence it was called by Aratus ironcCKo<:, the "many-coloured"; 
and chromatic unsteadiness was a marked peculiarity of the 
"new stars" of 1572 and 1604. 

It is easy to see that this effect is in some way due to the 
atmosphere. Like refraction, it vanishes at the zenith; it 
varies in intensity with weather and dimate. The first 
rational conjecture as to its cause was made in 1667 by 
Bobert Hooke, who attributed it to irregular refraction in the 
various air-strata. More exact inquiries on the subject have, 
in recent times, led to some curious results. 

The impressions of light on the retina last, according to 
Plateau's careful determination, 0*34 — say one-third — of a 
second. This is the limit of their individual perceptibility. 
With more frequent recurrence, they become merged indis- 
tinguishably together. But the changes producing scintillation 
succeed each other much more rapidly than three times in a 
second. Hence the need of some means of separating and 
analysing them. 

These were provided by M. Montigny's " scintillometer," ^ 
in which the sensibility of different parts of the retina was 
skilfully turned to account for the registration of a swift 
succession of impressions. By the rotation of a glass-plate 
obliquely inserted in front of the eye-piece of a refracting 
telescope, the image of a star viewed with it is made to 
describe an exact circle in the field. The line of light traced 
out is, in perfectly steady air, continuous and of a uniform hue, 
but breaks up, under the influence of scintillation, into vividly 
tinted arcs, at times into prismatic " pearls." The addition of 
a pair of crossed wires facilitates the reckoning of the colour- 
fluctuations thus rendered separately visible; and they are 
found to occur, on an average, in white stars standing thirty 
degrees above the horizon, seventy-eight times in a second, in 
yellow and red stars similarly placed, sixty-eight and fifty-six 
times respectively.* 

The explanation of these appearances is evidently to be 
sought in the refractive power, combined with the turbulence 

^ Described in Bulletin ds VAead, des Sdenees, BmxeUes, t. zyii. p. 261, 
2nd series ; MoniMy Notices, yoL xxxvii. p. 203 ; del et Terre (Fievez), t. L 
p. 869. 

* Bull, de VAead, Brnxelles, t zxxvii. p. 185, 2nd series. 
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THE TASK OF SIDEKEAL ASTEONOMY 5 

of our aerial envelope. For a different path through its strata 
is necessarily pursued \>j each of the differently re&angible 
beams united to form the image of a star. The violet enters 
them higher up, since it is more bent in transit than the red ; 
and so proportionately of the rest. Each then is liable to 
encounter different vicissitudes on the way, betrayed to our 
sight by rapid flashes of colour. Each is affected by innumer- 
able small deviations and momentary caprices of refraction ; 
80 that the bundle of rays picturing a star at a given instant 
is, as it were, a fortuitous and eminently unstable combination. 
It is dissolved, and a new one constituted, sixty or seventy 
times in a second; and the elements temporarily missing 
determine the resulting tint. The fundamental fact of the 
matter, in short, is that the light of every star near the 
horizon is drawn out into a tiny spectrum by the chromatic 
dispersion of the atmosphere; and Bespighi's study of the 
fluctuations in these prismatic images ^ provided, accordingly, 
the first secure basis for a scientific theory of scintillation. 

That white twinkle more than red stars becomes intelligible 
when we consider that the sheaf of their beams being fuller, 
interceptions of them are more frequent. But planets which 
are radiating discs, and not merely points, rarely show the 
effect, because the absence of rays from one part is compensated 
by the arrival of rays firom other parts of their surfaces. 
Similarly, the steady radiance of stars in large telescopes is 
due to the neutralisation of each casual stoppage by the 
great number of the beams collected together. Instead of a 
twinkling image, however, a blurred and distended one is 
formed under perturbed conditions, and observation gains 
nothing by the exchange. And since the degree to which this 
phenomenon is present varies very much with locality, regard 
should be had to its prevalence in choosing ' sites for power- 
ful instrumenta It diminishes, on the whole, with altitude, 
but the configuration of adjacent mountain-ranges is strongly 
influential, and Dr. Pemter found Sirius actually to scintillate 

1 Les Mondea, t xix. p. 698 (1869) ; Lord Bayleigh, PhU, Mag, voL xxxvl 
p. 129, 1903. 

* Exner, Astr. Naeh, No. 2791 ; A. E. Douglaas, Popular Astronomy, June 
1897 ; Lowell, JfotUJUy Notices, vol. Ixiii p. 40 ; Exner and Yilliger, Astroph. 
Joum. Tol. zxi p. 368. 
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6 THE SYSTEM OF THE STAES 

more at the summit than at the foot of the Sonnhlick (10,000 
feet high).^ 

Scintillation, like astronomical refraction, augments as the 
thermometer falls and as the barometer rises. This is ineyit- 
able, since the first requisite for its occurrence is differential 
refractive action on the various light-raya* But it has other 
less obviously accountable meteorological relations. M. 
Montigny ascertained, by the experience of nearly forty years, 
that with the quantity of moisture in the air the twinkling 
of the stars increases so markedly as to serve for a useful 
prognostic of rain. Cyclonic conditions promote it ; ' and it 
is extremely sensitive to magnetic disturbances.^ Ussher was 
struck, in the eighteenth century, with the surprising vividness 
of scintillation during aurorse ; Montigny extended the coincid- 
ence to magnetic commotions perceptible only instrumentally. 
Moreover, Weber remarked at Peckeloh in 1880, that stars 
situated near the magnetic meridian twinkled more than 
elsewhere* in the sky ; ^ and although little attention has of 
late been paid to the possible dependence of the effect upon 
the points of the compass, yet the theoretical interest of 
scintillation would be much enhanced should it turn out to 
be one of the many terrestrial phenomena associated with 
vicissitudes in the physical condition of the sun. 

The world of stars thrown open by the telescope may 
fairly be called boimdless. Using a glass only two and a half 
inches across, Argelander registered 324,189 down to 9^ 
magnitude, all in the northern hemisphere, with the addition 
of a southern zone one degree wida The work was extended 
to the- southern tropic by Schonfeld, and completed to the 
southern pole under Sir David Gill's direction. At the Cape, 
the photographic method was employed, and the resulting 
enrolment, published 1896-1900, comprises 454,875 stars 
nearly to the tenth magnitude; while the Cordoba visual 
Durchmusterung, executed by Thome and Tucker, 1885-1904, 
is a still more comprehensive register of southern objects. Yet 

* Observatory, vol. xiL p. 194. 

s Montigny, Bull, de VAcad, Bruxelles, t. zlvi. p. 613, 2nd series. 

* Rosenthal, Meiwr, ZeUsehrift, Bd. zz. p. 145. 

* Oomptes lUndus, t. xcyi. p. 573. 

' fFoch€n$ehriftfar Astronomie, 1880, p. 294. 
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these great works are merely preliminary to the International 
charting operations in progress. Their accomplishment will 
yield a ''Catalc^e of precision" including at least three 
million stars; and somewhere about thirty millions, taken 
from the submerged population of space, will, by their record on 
the chart-plates, be admitted to the citizenship of astronomy. 
They can never thenceforward be excluded from the scope 
of research. Their light - changes, their movements, their 
distribution, will present an inexhaustible, and probably a 
most fruitful field of inquiry. 

Mr. Plummer showed in 1877 ^ that the lucid stars (those 
visible to the naked eye) in the Bonn Durchmusterung give 
as much light as 7349, the telescopic stars as 23,337 sixth 
magnitude stars. Those singly imperceptible thus reaUy 
illuminate the sky just three times more than those in- 
dividually seen. Summing up, with the aid of the best 
photometric data, the entire light of Argelander's 324,000 
stars, we get for its equivalent ^^ full moonlight ; and we 
may roughly estimate the total light of all those similarly 
enumerated in both hemispheres, to the number of about 
900,000, at yItt ^^^ lunar brightness. The amount of 
scattered effulgence dispensed by still &inter stars is exceed- 
ingly difficult to evaluate. Sir William Abney, using a 
photographic method, rated in 1896 the sum of starlight in 
both hemispheres at yj^ full moonlight. Professor Newcomb, 
in 1901,^ from visual observations of diffiised sky-iadiance, 
concluded the light-power of all the stais to be just 728 times 
that of Capella;' and 728 stars like Capella give ^ the 
light of the fcQl moon.^ But it is far from certain that the 
vault of heaven would seem absolutely black if the stars were 
blotted out.^ Our upper air is the seat of processes by which 
luminosity is at times strongly developed ; and we cannot be 
sure that they are ever entirely suspended. Hence, Professor 
Newcomb's experiments afford no stssurance regarding the 

1 MbfUhly notices, vol. zxxyii p. 486. 

* Aiirophysieal JowtMiXy vol. xiv. p. 810 ; see also Gayin J. Barns, ibid, 
ToL zri. p. 166. 

' Newcomb's 600 stars of 0*0 magnitade are equal to 728 of the photometric 
brightness (0*21) of Capella. 

^ Miiller, FhotofMtrii der Outime, p. 340. 

• Of. Boms, Jowm, Brit, Astr, Ass. vol. xv. p. 91. 
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equivalent, to say nothing of the actual number of stars 
coming directly, or indirectly within our ken. These last can-- 
not well fall short of sixty millions, and they more probably 
sum up to one hundred millions ; but the nets of inquiry can 
at present scarcely be drawn closer. Tet the fact is note- 
worthy that eajch class of stars sends us appreciably more 
light than the class next above it. The light-aggregate of 
second magnitude stars exceeds that of first, of third that of 
second, and so on. The fainter the stars, in short, the greater 
is their total luminous power,^ because their augmented 
numbers more than counterbalance their diminished individual 
lustre. But this progression, it is evident, cannot go on 
indefinitely, since otherwise an indefinitely intense radiance 
would fill the sky. Darkness would be abolished through the 
shining of invisible stars. It follows either that the observed 
order of the stellar world has assignable limits — ^that the star- 
depths, however profound, are not absolutely unfathomable; 
or that space, for whatever reason, is not absolutely transparent. 

The task of exploration, at any rate, does not seem to be 
altogether hopelesa It can never indeed be exhausted ; but 
it can fairly be grappled with by finite minda It does not 
evade their efforts with the passive scorn of material infini- 
tude. Genuine, if partial, successes have crowned them in the 
past, and will, it may be hoped, continue to crown them in the 
future. 

We must not, however, in seeking encouragement from 
the thought that it does not utterly defy our powers, under- 
rate the difficulty of the enterprise we have taken in hand. 
The nature of our own sun offers a vast and intricate problem, 
still very far from being solved; but stellar space contains 
many millions of suns, variously constituted, variously circum- 
stanced, frequently surpassing our magnificent orb in size and 
splendour. Now each of these millions of suns challenges 
the closest personal attention; no single one of them is 
exactly like any other, and t}ieir differences and resemblances 
open endless vistas of instruction and interest. Their incon- 
ceivable remoteness in no way derogates from their real 
dignity. An all but evanescent speck of light in the field of 
the great Lick refractor may be the life-giving centre of a 
^ L* Astronomic, t. ▼. p. 409. 
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system of worlds, each abounding as marvellously with proofs 
of creative wisdom and goodness as the little planet in which 
our temporal destinies are imprisoned. Such light-specks are 
then equally deserving of study with the most effulgent orbs 
in the sky, although it may never be practicable to bestow it 
upon them. We can indeed hardly imagine the amount of 
telescopic improvement which would be needed in order to 
bring them within the range of critical examination. For 
the present, accordingly, physical reseaxch must be confined 
to some thousands of the brighter stars which may serve as 
specimens of the rest. Nor need we lament the restriction. 
Generations of workers might expend their energies in 
gathering facts from the field actually open to them, and 
yet leave a fiill harvest for their successors. In all ex- 
perimental inquiries, it may with truth be said that the 
reaper, as he gamers one crop of knowledge, sows another : 
80 endless are the secrets of nature, so untiring the inquisi- 
tiveness of man. 

The stars in their combinations demand inquiry no less 
than the stars in themselves. Stellar systems are to be met 
with in indescribable profusion and variety, from mutually 
circling pairs, through groups including thousands of physi- 
cally related objects, to the stupendous integrated collection 
which we call the Milky Way. But as yet investigation has 
barely skirted the edge of this well-nigh infinite region. Before 
it can be penetrated by so much as a plausible conjecture, 
statistics are wanted of the distances and movements of 
thousands, nay millions of stars. 

Nor is the amassing of them any longer the Sisyphean 
labour it seemed a short time since. By the unhoped-for 
development of novel methods, the pace of inquiry has been 
quickened all along the line. Particulars are accumulated 
faster than they can be assorted and arranged. Time has 
virtually expanded, as if for the purpose of gratifying curiosity 
which becomes keener as its sublime objects loom more 
distinctly above the horizon of thought. Ten years now 
count for a century of the old plodding advance. Express 
trains carry passengers on errands of research, as well as of 
business or pleasure. Problems ripen as if in a forcing-house, 
and so numerously as almost to bewilder the attention. 
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The whole subject of sidereal natural history is wide 
and intricate beyond what it is easy to convey to those 
approaching it for the first time. There is scarcely a topic in 
physical astronomy with which it is unconnected. The pro- 
gress of discovery has gradually drawn closer the generic 
relationships of the heavenly bodies. The sun has come to be 
recognised as the grand exemplar of the stars; meteorites 
show themselves to be intimately associated with comets; 
comets are perhaps the shreds of used-up nebulae ; while the 
stellar and nebular realms blend one with the other as indis- 
tinguishably as the animal and vegetable kingdoms of organic 
nature. 

The strange cloud-like objects called "nebulae" may be 
considered as wholly of telescopic revelation. Only one of 
them — the famous object in the girdle of Andromeda — can 
be at all easily seen with the naked eye; and even that 
escaped the notice of all the Greek, and most of the 
mediaeval astronomers. The "nebulosae" of the ancients 
were many of them small groups of stars accidentally set 
dose together ; but among the seven enumerated by Ptolemy 
were two real clusters like the Pleiades, only (presumably) 
much farther away, one in Perseus, and the other in Cancer. 
Indeed, to extremely short-sighted persons, the Pleiades them- 
selves put on a nebulous appearance, the individual stars 
running together into one wide blot of light. 

Halley was the first to form anything like an adequate 
conception of the importance of nebular observations. He 
was acquainted in 1716 with six "luminous spots or patches, 
which discover themselves only by the telescope, and appear 
to the naked eye like small fixed stars; but in reality are 
nothing else but the light coming from an extraordinary great 
space in the ether, through which a lucid medium is diffused, 
that shines with its own proper lustre." ^ Only two of Halley's 
half-dozen objects, however — those in Orion and Andromeda- — 
were genuine nebulae ; the rest when viewed with better instru- 
ments than his " six-foot tube," proved to be magnificent star 
clusters. 

This small beginning of knowledge was followed up by 
Lacaille in the southern, by Messier in the northern hemi- 

1 Phil, Trans, vol. xxix. p. 390. 
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sphere. Then Herschers great telescopes opened the modern 
epoch in the science of nebulse. As the result of his labours 
they came to be reckoned by the thousand instead of hj the 
score. Portions of the sky were found to be crowded with 
them. Yet the vast majority must always, owing to their 
extreme faintness, remain imperceptible without powerful 
optical aid, only sixty-four coming into view with the same 
telescope which showed Argelander 324,000 stars. Thus 
access to the nebular heavens can be gained only by making 
the very most of the little light they send us. Large 
telescopes and prolonged photographic exposures are indeed 
pre-eminently useful in this department of celestial physics, 
which, mainly through the application of the camera, has of 
late incalculably widened. A pioneering survey with the 
Croesley reflector led Professor Eeeler to estimate at 120,000 
the number of nebuke which might be chemically recorded by 
its means ; and the specimen sheaves garnered by Dr. Max 
Wolf at Eonigstuhl in 1901 are no less promising for a rich 
future harvest But discoveries are of small account if 
succeeded by neglect. Assiduous and prolonged observation is 
indispensable for the detection of the cyclical or progressive 
changes doubtless proceeding in these inchoate systems. 

Thi9 then is the task of sidereal astronomy — ^to investigate 
the nature, origin, and relationships of 30,000,000 stars and 
of 120,000 nebulae — to inquire into their movements among 
themselves, and that of our sun among them — to assign to 
each its place and rank in the universal order, and, gathering 
hints of what has been and what will be from what is, 
distinguish hierarchies of celestial systems, and thus at last 
rise to the higher synthesis embracing the grand mechanism 
of the entire — the sublime idea of Omnipotence, to which the 
stars conform their courses, while '' they shine forth with joy 
to Him that made them." 
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CHAPTER II 

THE METHODS OF SIDEREAL BBSEABCH 

Sidereal scienoe is, on its geometriccJ side, of modem develop- 
ment ; on its physical side, of modem origin. The places of 
the stars, as referred to certain lines and points on the sarfieuie 
of an imaginary hollow sphere, axe obtained now on essentially 
the same principles as by Hipparchus, only with incomparably 
greater refinement. And refinement is everything where the 
stars are concerned. Significant changes among them can 
only be brought out by minute accuracy. To a rough dis- 
cernment their relative situations are immutable; and 
systematic inquiries into their movements hence became 
possible only when the grosser errors were banished from 
observation. Bessel's discovery of Bradley's exactitude gave 
the signal for such inquiries. It seemed worth while to re- 
observe stars already so well determined that discrepancies 
might safely be interpreted to mean real change. 

Thus it is only within the last hundred years that the 
stars have been extensively catalogued for their own sakes 
and no longer in subordination to the- interests of planetary or 
cometary astronomy. The scope of such labours now widens 
continually. For the objects of them are all but innumerable, 
and the inception of ambitious schemes is encouraged by 
modem facilities for executing them by combination. The 
project set on foot by the Gennan Astronomical Society in 
1865 of fixing the precise places of stars to the ninth 
magnitude, found co-operators in all parts of the world ; and 
its virtual completion in 1903 to the verge of the southern 
zones observed by Gould and Oilliss, raised the number of 
stars not merely recorded, but known in the strict astro- 
metiical sense, to not far from 400,000. 

12 
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A star is located in the heavens, just as a city or a 
mountain is located on the earth, by measurements along 
two imaginary circles. Its ''declination/' or distance from 
the celestial equator, corresponds to terrestrial latitude; its 
" right ascension " to terrestrial longitude. The astronomical 
prime meridian passes through the first point of Aries, that 
is, the sun's position at the vernal equinox ; intervals from it 
are reckoned eastward from 0° to 360^ or in time from 0^ to 
24^ And since the zero-point retreats slowly westward by 
the effect of precession, it follows that the right ascensions 
of most stars increase steadily year by year, apart from any 
movements *' proper " to themselves. 

The diurnal revolution of the sphere furnishes the sole 
standard of time in sidereal astronomy. Sidereal noon at a 
given locality is the moment when the first point of Aries 
crosses the meridian of that spot; the right ascensions of 
the heavenly bodies indicating the order of their successive 
culminations. Thus, if the right ascension of a star be two 
hours and twelve minutes, it will cross the meridian of any 
place on the earth two hours and twelve minutes after the 
first point of Aries has crossed it, coming wp behind it, to that 
extent, in the grand diurnal procession. Differences in right 
ascension signify differences in times of culmination; and 
their measures in hours, minutes, and seconds need only multi- 
plication by fifteen (the number of times that 24 is contained 
in 360), to appear as measures of arc in degrees, minutes, 
and* seconds. 

A transit-circle and a clock are the two essential instru- 
ments for ascertaining the places of the stars. The instant, 
to the tenth of a second, at which a star stands in the 
meridian, is noted; the vertical circle is read, showing its 
"zenith-distance" (giving at once its declination when the 
latitude of the observatory is known), and the observational 
part of the work is done. The data thus obtained, after 
undergoing numerous corrections, suffice to determine the 
position of the star with reference to some other "funda- 
mental " star, the aisolute place of which has been separately 
and laboriously ascertained. 

This business of star-location forms the substratum of the 
older astronomy. But the precision given to it is altogether 
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new, and alone has fitted it to be the means of eliciting facts 
so coy as those that relate to stellar movementa For their 
disclosure devices of accuracy are needed which our astro- 
nomical progenitors never cast a thought upon. Optical and 
mechanical skill has, in our days, reached a point of almost 
ideal perfection ; yet when the artist has done his utmost, the 
instrument is, in a sense, still in the rough. The astronomer 
then takes it in hand, and his part is often the more arduous 
and anxious. The investigation of small surviving errors, the 
contrivance of methods for neutralising their effects, the carry- 
ing out of delicate operations of adjustment, the detection of 
microscopic deformations, tremors of the soil, inequalities of 
expansion by heat, fall to his share. Even his own rate 
of sense-transmission has to be measured, and figures, imder 
the title of " personal equation," as a correction in the final 
result. For, between the actual occurrence and the perception 
of a phenomenon, there is always a gap, more or less wide, 
according to individual idiosyncrasy, and it is only after this 
gap — tiny though it be — ^has been crossed, that electricity can 
be called upon to play its prompt part as amanuensis to the 
observer. 

This detailed and painful struggle against error has 
made sidereal astronomy possible, by precipitating from the 
mixed solution that held them the minute quantities it deals 
with. Just because the universe is almost infinitely large, 
these quantities are almost infinitely small They are small, 
not in themselves, but through the incomprehensible remote- 
ness of the bodies they affect. 

Sidereal astronomy is deeply concerned with the motions 
of the stars. These are of different kinds. " Proper " motions 
— so-called to distinguish them from "common" apparent 
displacements due to the slow shifting of the points of refer- 
ence on the sphere — advance uniformly along a great circle ; 
orbital revolutions of one star round another are periodical in 
small ellipses; besides which annual oscillations, varying in 
extent with the distances from ourselves of the objects per- 
forming them, are barely measurable in a few of the nearest 
st£un3. The perception and characterisation of these orbital 
and " parallactic " movements have become possible only 
through the attainment of exquisite observational accuracy. 
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The instromentB employed are the equatoiefd with micrometer 
attached, and the heliometer. 

An equatoreal is a telescope so mounted as to follow the 
diurnal revolution of the heaven& It is connected with an 
axis directed towards the pole, and revolving by clockwork 
once in twenty-four hours. An object accordingly once brought 
into its field of view remains there immovably for any desired 
time, provided the tube be clamped in position, and the dock 
set going. The inconvenience of the earth's rotation in pro- 
ducing a continual " march-past " of the heavenly bodies is 
thus neutralised. 

To the eye-end of an equatoreal is usually attached an 
arrangement of spider lines constituting a '' filar micrometer." 
Two sets of suoh threads (which in subtlety and evenness of 
texture far surpass any artificial product), crossing at right 
angles and some of them movable by fine screws, while the 
whole can be made to revolve together, afiTord a most delicate 
means of ascertaining the distance and direction from each 
other of any two objects close enough for simultaneous 
observation. Measures of double stars are executed, and some 
stellar parallaxes have been detennined in this way. But for 
the latter purpose, the " heliometer " is the more appropriate 
instrument. 

Its designation is a misnomer, or rather represents the 
tradition of an original purpose to which it was never efiTec- 
tively applied. The true function of a heliometer is the 
critical measurement of two adjacent stars, or of a star and 
planet. Primarily, it is an equatoreal telescope; its micro- 
metrical powers are conferred by the division of the object-glass 
into two halves sliding along their common diameter, and 
duplicating by their separation the combined image formed by 
them when together. The amount of movement )given to the 
segments in bringing about alternate coincidences between 
opposite members of the pair of stars shown by each, suffices 
to determine with the utmost nicety the interval between them. 
That is to say, after endless precautions for accuracy have 
been taken, and endless care bestowed upon detecting and 
obviating occasions of infinitesimal error. 

The Badcliffe Observatory at Oxford possesses the largest 
heliometer in existence. The diameter of its object-glass is 
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seven and a half inche& A similar instrument, however, 
erected at the Bojal Observatory, Cape of Good Hope, nearly 
forty years later, is but slightly inferior in size, and is in other 
respects considerably its superior. Dr. Elkin, at Yale College, 
has charge of the only heliometer in the New World, while a 
good many are to be found in Germany and Russia. The 
Bepsolds of Hamburg may be said to hold a monopoly in the 
mechanical part of their production; and Merz of Munich 
stands almost alone among opticians in his readiness to take 
the responsibility of sawing a fine object-glass in two. Nor 
is the aptitude for the use of these instruments by any 
means universal among observers; hence their comparative 
scarcity. 

The science of the motions of the stars is only a part of 
modern sidereal astronomy. Within the last forty years a 
science of their TuUure has in defiance of forecast sprung up, and 
assumed surprising proportions. Sidereal physics has a great 
future in store for it Its expansiveness in all directions is 
positively bewildering. The " What next ? " is hardly asked, 
when it is answered, and often in the least looked-for manner. 
In following its progress, the mind becomes so inured to 
novelties, that antecedent improbability ceases to suggest 
dissent. Some details of what we have thus so far learnt 
will be contained in the ensuing chapters ; the means employed 
must be briefly indicated in this. 

They are of three principal kinds — spectroscopic, photo* 
metric, and photographic. The general theory of spectrum 
analysis has been explained elsewhere;^ here we need only 
repeat that it rests upon the constancy of the positions in the 
spectrum belonging to the rays of light given out by ignited 
vapours. These invariable lines serve as an index to the 
presence in the sun or in a star, no less than in the laboratory, 
of the substance they are associated with. Whether they be 
bright or dark, the principle remains the sama They are 
bright when the vapour originating them is the chief source of 
illumination ; dark, when a stronger light coining from behind 
is absorbed by its interposition. Their appearance as *" lines " 
is merely due to the transmission through a narrow slit of the 
light afterwards prismatically dispersed. 

1 See the author^s History of Astronomy , 4th edit p. 139. 
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Kow a mam difficulty in getting starlight to discloee its 
secrets, is that there is so little of it. It will not bear the 
necessary amount of spreading -out, but evades analysis by 
fEuling into imperceptibility, like a runnel of water that widens 
only to disappear. Hence the absolute necessity in stellar 
spectroscopy for large telescopes. The collecting nets have to 
be widely extended to gather in a commodity so scarce. Could 
we at all realise, indeed, the portentous expanse of the ever- 
broadening sphere fUled by the stellar beams as they travel 
towards us, we should be inclined to wonder, not at their 
faintness, but at their intensity. But the weakening effect of 
distance is in some degree counteracted by powerful concentra- 
tion ; and this is one of the chief uses of the large telescopic 
apertures so much in vogue at the present time. 

Viewed with the lick refractor of 36 inches, any given 
star is 32,400 times brighter than it appears to the naked 
eye, or 324 times brighter than when shown by a 2-inch 
telescope.^ The large instrument, that is to say, provides 
324 times more material for experimenting upon, or ranges 
further by 6^ stellar magnitudes than the small refractor. 

The interpretation of spectral hieroglyphics, by which we 
learn the chemical constitution of a star, is a very delicate and 
laborious operation. What is called a " comparison-spectrum '^ 
is usually employed as an adjunct to it. Rays from some 
terrestrial source are reflected into one half of the slit, through 
the other half of which the stellar rays are admitted* Both sets 
then traverse the same prisms, and form strictly comparable 
spectra side by side in the same field of view. lines common 
to both can thus easily be identified ; and their genuine occur- 
rence leaves no doubt that the element compared — ^hydrogen, 
sodiu^i, iron, magnesium, or any other — enters into the com- 
position of the star. But this process of matching can seldom 
or never be completely carried out. A dozen known lines 
may be attended by a hundred unknown ones, either too faint 
to be distinctly seen, or in positions unfamiliar to terrestrial 
light -chemistry. Nor is it safe to infer the absence of an 
ingredient firom the absence of its representative rays. Many 
causes contribute to render the display of lines in stellar 
spectra selective. 

^ Holden, English Michanic, vol. zlvi. p. 528. 
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Where direct oomparisons can be dispensed with, a slit is 
not essential to stellar light-analysis. For a star, having no 
sensible dimensions, gives rise to none of the confused over- 
laying of images produced by grosser light-sources unless super- 
fluous rays be excluded by the use of a fine linear aperture. 
Hence the possibility of applying a " slitless spectroscope " to 
the stars. Their light is then simply passed through a prism, 
either before it enters, or as it leaves the telescope. The 
resulting variegated stripe, looked at through a cylindrical 
lens to give it some tangible breadth, shows the dark gaps or 
lines significant of the '' type " of the star. 

But prismatic analysis is not merely communicative as to 
the physical and chemical nature of the stara It can tell 
something of their movements as welL And, what is especially 
fortunate, the information that it gives is of a kind otherwise 
inaccessible. "End -on" motions, as every one knows, are 
visually imperceptible; the discovery that the spectroscope 
has the power to make them sensible is of such far-reaching 
importance that 3ir William Huggins, by bringing the method 
into effective operation, performed perhaps the greatest of his 
many services to science. Through the link thus established, 
geometrical and physical astronomy have been placed in 
closer mutual relations than could have been thought possible 
beforehand. 

The observations concerned are of great delicacy, and can 
only be made with a powerful telescope, collecting light 
sufficient to bear a considerable amount of dispersion. Their 
object is to measure the minute displacements of known Unes 
due to "radial'' or end -on motion, and proportional in 
amount to its velocity. These displacements are towards the 
blue end of the spectrum when the star is approaching, towards 
the red when it is receding from the earth. The re&angibility 
of the luminous beams is changed, in the one case, by the 
crowding together of the ethereal vibrations, rendering them 
more numerous in a given time, in the other, by their being 
(as it were) drawn apart, and so rendered less numerous. 
The juxtaposition of a standard terrestrial spectrum, such as 
that of iron, gives the means of measuring deviations thus 
produced, and so of determining the rate of approach or reces- 
sion of the star examined. But the process is impeded to a 
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degree hardly imaginable without personal experience by 
troubles in the ocean of our air. The twinkling of the stars 
is represented in their spectra by tremors and undulations 
often permitting only instantaneous estimates of line-positions. 
This inconvenience has been largely remedied by the use of 
the camera. 

Stellar photometry has a twofold object. It gives the 
means of investigating, first, the individual nature ; secondly, 
the collective relations of the stara Stellar lustre is affected 
by endless gradations of change. It is rarely, perhaps never, 
really constant. Periodical fluctuations are iq many cases 
obvious ; secular variations are suspected. The suspicion can 
be verified only by precise light-measurements repeated at 
long intervals. 

Their application to the problems of stellar distribution 
becomes feasible through the dependence of brightness upon 
distance. The law of the decrease of light with the imrease 
of the square of the distance is universaUy familiar. If all 
the stars were equal in themselves, their apparent differences 
would thus at once disclose their relative remoteness. We 
could locate them in space just as accurately as we could 
determine their lustre. But in point of fact the stars are 
vastly diversified in size and luminosity, and we can hence 
reason from distance to brightness only by wide averages. 
A statistical method alone is available, and its employment 
iQvolves the establishment of strict principles of light-measure- 
ment 

The first requisite for this purpose was an unvarying and 
consistent scale, which was provided with the least possible 
disturbance to existing habits of thought by regularising the 
antique mode of estimation by '' magnitudes." Intervals 
loosely defined and unequal were made precise. A ''light 
ratio " was agreed upon. To this proportion of change from 
one magnitude to the next, the numerical value 2*512^ has 
been assigned. That is to say, an average first magnitude 
star sends us 2*512 times as much light as an average star of 
the second magnitude, which, in its turn, is 2*512 times 
brighter than one of the third, and so on. From the first to 
the third magnitude, the step is evidently measured by the 

^ Selected m the number of whicli 0*4 is the logarithm. 
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8q%Lare of the "light ratio*' (2-5l2x2-512-6-310); and in 
general the relative brilliancy of any two stars may be found 
by raising 2*512 to a power represented by the numerical 
difference of their magnitudes. One first magnitude star, for 
instance, is equivalent to one himdred of the sixth rank 
((2-512)^=100); and to no less than a million stars of the 
sixteenth magnitude. 

All this is a matter of pure definition, and definition is a 
useful leading-string to experiment. It is something to have 
a clear conception in the abstract of what a tenth, eleventh, 
twentieth magnitude star is, even though the conception be 
not altogether easy to realise. The problem of applying the 
numerical standard set up was practically solved almost at 
the same time by Professor Pritchard at Oxford, and by 
Professor Pickering at Cambridge in the United States. They 
first systematically and extensively employed instrumental 
means in stellar photometry, with the result of satisfieu^torily 
ascertaining the comparative lustre of all stars visible to the 
naked eye in these latitudes. 

Professor Pritchard adopted for his researches the " method 
of extinctions." The image of each star was made to vanish 
by sliding between it and the eye a wedge of neutral-tinted 
glass, of which the thickness just needed to produce invisibility, 
was found to give a very exact measure of intensity. In this 
way the brightness of 2784 stars from the pole to ten degrees 
south of the equator was determined and registered in the 
" Uranometria Nova Oxoniensis." 

The Harvard " meridian-photometer " was constructed on 
the principle of " equalisation." The images of the pole-star 
(adopted as a standard of comparison) and of each star succes- 
sively experimented upon were reflected into a fixed telescope, 
and brought to an exact equality by means of a polarising 
apparatus. From the amount of rotation given, for this pur- 
pose, to the double refracting prism, the actual difference of 
brightness was easily deduced. The method is of wider appli- 
cability than that by extinctions ; none the less, the " wedge 
photometer," in the form given to it by Pritchard, has taken 
its place as an indispensable adjunct to such inquiries. With 
either instrument the limit of clearly distinguishable difference 
is about one-tenth of a magnitude. 
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The original Harvard photometry ^ included all stars to 
the sixth magnitude as far as 30*" of south latitude, to the 
number of 4260. But it was only the first in a series of 
similar and larger works. Its extension over the entire 
heavens was accomplished by the publication in 1895 of the 
Southern Harvard Photometry of 7922 stars ;^ and the 
Bevised Harvard Photometry, embracing about 9000 stars in 
both hemispheres, was approaching completion in 1903.^ A 
Photometric Durchmusterung of stars to 7*5 magnitude within 
130* of the North Pole was besides constructed with a larger 
instrument,^ while the measurement of thousands of stars in 
zones has established standards of exact comparison down to 
the ninth stellar magnitude. 

Potsdam is also the scene of extensive photometric opera- 
tions, which have now virtually reached their immediate term. 
About 16,000 stars have there been very precisely observed 
by MM. Milller and Kempf, with a polarising photometer 
employed on Zollner's plan of comparison with an *' artificial 
star." The results thus by various observers variously obtained 
are in general satisfactorily accordant ; although the insecurity 
attending processes of correction makes some degree of diverg- 
ence inevitable. A Photometric Catalogue gives the bright- 
ness of stars in all parts of the sky " reduced to the zenith." 
But the reduction is not by a simple or certain procedure. A 
law of light-absorption in the terrestrial atmosphere has first 
to be arrived at experimentally, and the experiments are 
difficult and delicate. Even at the zenith a heavy duty has 
to be paid, estimated by the Potsdam observers at 16 or 17, by 
Professor Pickering at 20 per cent ; and the rate of increase 
towards the horizon differs at different altitudes, and probably 
in different climates as well. Hence the adoption of a uniform 
plan of reduction for photometric observations seems to be 
precluded ; yet its absence must involve more or less serious 
discrepancies. They are, however, possible only when the 
range of conditions is wide ; where they are fairly constant, 
extreme accuracy is attainable. 

^ HaoTOTd AwntUs, toI. xiv. pt. i. (1884). For a oomparison with the 
Oxford results see ibid, vol. xiii. p. 15. 
^ Harvard AwndU, vol. xzxiv. 
» Ibid. voL 1. 
* Ibid. vol. xlv. 1901. 



Digitized by CjOOQIC 



22 THE SYSTEM OF THE STARS 

In the Bevised Harvard Photometry two stars, Aldebaran 
and a Crucifl, are rated as almost exactly of standard first 
magnitude brightness, each being 2*6 times more luminous 
than the pole-star. They have in the northern hemisphere 
six superiors — ^Arcturus, Capella, Vega, Procyon, Altair, and 
Betelgeux, the standing of which has accordingly to be 
expressed by fractional numbera Capella and Arcturus are 
of magnitude 0*2, signifying that each is eight-tenths of a 
magnitude brighter than Aldebaran, while the figure 0'06 
attached to a Centauri conveys the fact of its superiority to 
a Crucis by just one magnitude. Canying out the same 
system of notation, we get negative numbers for the designa- 
tion of still higher grades of lustre. Sirius, for instance, 
sends us eleven times more light than Aldebaran ; it excels 
the standard by two magnitudes and six -tenths, a pre- 
eminence compactly expressed by calling its magnitude - 1*6. 
To find a star outshining Sirius we must go to our own 
sun, to which a rank can be assigned on the same scale. Its 
light, as measured by Alvan Clark in 1863, exceeds that of 
the dog-star 3600 million times. Bond made the dispropor- 
tion 5970, Steinheil 3840 millions to one. From a mean of 
these insecure determinations. Professor Pickering fixed the 
sun's stellar magnitude at -25*4;^ but various lines of 
inquiry, separately traced by Mr. Gore ^ and Sir David Gill, 
converge upon a much higher value lying between -26'5 
and -26*8. It seems Mxlj certain, accordingly, that the 
splendour of Sirius is some 10,000 million times fednter than 
the blaze of sunshine in which we live. 

The invention of the telescope itself does not mark an 
epoch more distinctly than the admission of the camera into 
the celestial armoury. All the conditions of sidereal research, 
in especial, have already been transformed by its co-operation. 
The versatility of its powers is extraordinary ; no task has 
yet found it unready or incapable. It is the very Ariel of the 
astronomical Prospero. 

This untiring serviceableness was made 'possible by the 
substitution in 1871 of gelatine for collodion as the vehicle 
for the salts of silver, the decomposition of which under the 

^ Proceedings American Academy, vol. zvi. p. 2. 
■ Monthly Notices, vol. Ixiii. p. 164. 
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influence of light forms the essential part of the photographic 
process. The new plates were, however, first used for " astro- 
graphical " purposes by Sir William Huggins in 1876. Since 
they are five times more sensitive dry than wet, exposures 
with them can be indefinitely prolonged. They may, besides, 
be prepared any desirable time before, and developed any 
desirable time after exposure, thus accommodating themselves 
in a really wonderftd way to the needs of astronomera 

The unique power of the photographic plate as an engine 
of discovery is derived from its unlimited faculty for amassing 
£sdnt impressions of light. By looking long enough it can see 
anything there is to be seen. Sir William Abne/s experi- 
ments convinced him that no rays are too feeble to overthrow 
the delicate molecular balance of silver bromide if only their 
separately evanescent efiPects get sufficiently piled up through 
repetition.^ By this capability of taking time for its ally, the 
camera leaves the eye far behind. With any given telescope 
much more can be photographed than can be seen, and the 
threshold has been crossed of a region of research, visually 
inaccessible, but open to exploration by the far-reaching 
chemical method. 

The penetration of space has, nevertheless, limits. A 
ne plus ultra is imposed, if not otherwise, by the restricted 
possibilities of continuous exposure to the sky. Darkness 
does not last indefinitely, nor is it absolute while it prevails. 
There is always enough light scattered abroad to ''fog" 
sensitive plates left long under its influence; and when 
fogging begins, portrayal compulsorily terminate& Thus, the 
plan first adopted by Dr. Boberts of obtaining a single picture 
by means of exposures renewed night after night can be 
availed of only with restrictions. 

The telescope forming the image which imprints itself upon 
the prepared plate is always equatorially mounted, and has 
a motion given to it exactly concurrent with the revolution of 
the sphere. Yet the utmost mechanical ingenuity cannot 
make the concurrence absolutely perfect. Minute inequalities 
survive and need intelligent correction. Even more sensible 
are disturbances caused by the changes of atmospheric re- 
fraction with the ascent towards or decline from the meridian 

^ ObservcUory, vol. xii. p. 165. 
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of the objects in course of delineation. For these reasons a 
photographic telescope has, as a rule, a guiding telescope 
attached to its axis, through which an observer watches to 
counteract, almost to anticipate, nascent tendencies to dis- 
placement The strain upon the attention is severe; its 
endurance, upon occasions, for three, even four hours at a 
stretch, is no small proof of resolution. 

Exposures can, however, be curtailed by shortening the focus 
of the photographic telescope, the image being thus rendered 
smaller, and — through the closer concentration of the same 
amount of light — more intense. For simply exploring the 
skies, sounding their depths, and dredging-up their contents, 
nothing can be better than the form of an ordinary portrait len& 
With such a one, only two inches in diameter, the picture of 
the comet of 1882 was taken at the Boyal Observatory^ Cape 
of Good Hope, the " thick-inlaid " background of which 
afforded the iSrst palpable revelation of the star-charting 
powers of the camera; and much of Professor Pickering^s 
admirable work in sidereal photography has been done with a 
Voigtlander's "doublet" (two achromatic lenses in com- 
bination) of eight inches aperture and about forty-five focus. 
Objects imperceptible through the Harvard fifteen-inch re&actor 
can be photographed with this instrument ; and it has proved 
extraordinarily efficient for the rapid charting of stars and 
their spectra. The "Draper Catalogue" was indeed com- 
piled wholly from materials collected by its means. In the 
" Bruce telescope," completed by Alvan Clark under Professor 
Pickering's direction in 1893, and mounted at Arequipa in 
1896, after transmission through the Straits of Magellan, the 
same plan of construction was carried out on a larger scale. 
The object-glass has a diameter of twenty-four inches, the focal 
length is eleven feet. Stars down to the seventeenth magnitude 
are probably recorded on plates exposed to the strong con- 
centration of light thus efTected. The portrait-form of lens 
has the additional merit of giving a large field of view. Each 
photograph taken with the Bruce telescope covers, with very 
slight distortion, five degrees square (25 square degrees) on 
a scale of one minute of arc to a millimetre. The whole 
heavens could be charted on about two thousand such 
plates. 
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Where accurate measurements are aimed at, however, the 
type of instrument represented by the MM. Henry's photo- 
graphic tdescope is preferable. The object-glass in this is of 
the ordinary achromatic kind, but corrected with reference to 
chemical, instead of to visual action. The rays selected to be 
brought to a focus are those to which, not the human, but 
the "photographic retina" is sensitive. The aperture is 13 
inches, the focal length eleven feet ; a plate-holder is substituted 
for an eye-piece, while a guiding-telescope of slightly inferior 
dimensions is enclosed within the same rectangular tube. 
The field of view with the Paris photographic telescope, within 
which definition may be considered as virtually perfect, is a 
circle three degrees in diameter,^ covering an area of not quite 
five square degrees. Fidly ten thousand of these plates 
(allowing for overlaps) will be needed to picture the sphere ; 
and they are being taken in duplicate for the purposes of the 
International Celestial Survey. Eighteen instruments, modelled 
on that of the MM. Henry, are employed upon it ; and the 
high quality of the data they will provide is assured. Yet 
thought quails before the quantity of materials presently to 
be dealt with. Eventually, we may fairly hope, they will 
be brought within the unifying grasp of statistical research ; 
but only at a heavy cost of wearisome toil 

" Studies of the distribution of the stars," Professor Picker- 
ing remarked, " can now scarcely be undertaken in any way 
except by photography." But photography, to be reaUy in- 
structive on this point, must be combined with photometry. 
The portrayal of millions of stars projected side by side on a 
spherical surface tells us little or nothing of their relations to 
the immensity of space. This can only be found out, for the 
vast majority of them, by collecting statistics of the amount 
of light they send us. Hence the importance of the photo- 
metry of small stars. Yet no visual means have hitherto 
proved competent to deal with it. Eye-estimates, however 
guided and succoured by instruments, break down when 
pushed too far down the scale. The problem is evidently one 
of those reserved for successful treatment with the camera. 

What is called "photographic irradiation" affords one 
means of attack upon it. This arises from the diffusion of 

^ Bulletin Astronomiqtte, t vi. p. 808. 
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light within the substance of the gelatine filnL The particles 
directly meeting the stellar rays reflect them irregularly all 
round to other particles, thus widening the area of chemical 
decomposition, and creating circular images which, with the 
same exposure and on the same plate, are found to vary in 
size with the magnitude of the stars they represent.^ Thus, 
from a few stars of ascertained brightness, that of the rest 
imprinted with them may, down to a pretty low grade, readily 
be inferred. The faintest stars, however, give rise to dots so 
small that differential measures of them are scarcely practicable. 
The method is further compromised by the uncertainty of the 
law connecting the size of chemical star-discs with brightnesa 
It is indeed a mere empirical formula varying with the con- 
ditions of observation. It is not the same for rapid as 
for slow plates; it is not the same for twinkling as for 
steady images.* There is no help but to treat each plate 
as a document apart, and to assign its constants inde- 
pendently ; and this is to adopt an expedient, not to employ 
a system. 

Nor does the scale of photographic efTectiveness agree at 
all closely with that of visual sensibility. Colour has in this 
respect a strongly disturbing influence. The quick vibrations 
at the blue end of the spectrum are those most active in 
releasing silver &om chemical bonds. Blue stars are con- 
sequently far more, and red stars far less conspicuous self- 
printed than to the eye. Photographs of chromatic double 
stars thus show curious reversals, a small blue companion 
often coming out superior to its yellow or reddish primary.* 
And tinted stars too faint for colour-discrimination with the 
telescope can sometimes be picked out on a negative, simply 
through anomalies of relative magnitude. Now differences 
of this sort occur not only in isolated cases but methodically. 
Their frequency, as Professor Kapteyn discovered in measuring 
the Cape Durchmusterung plates, depends upon celestial 
situation. It varies with galactic latitude. And the in- 
evitable inference was drawn that "the stars of the Milky 
Way are in general bluer than the stars in other regions of 

1 Astr, Nach, No. 2884. 

' Qill, Introduotion to Cape Photographic DurehmusUrung^ p. 24. 

• Espin, Oftwrvo^ory, vol. vii. p. 247. 
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the sky." ^ Thus, photographic photometry has a very im- 
portant bearing upon studies of sidereal construction. But a 
settled basis of principle is needed to give its results the full 
authority that should belong to them. At present, actinic 
magnitudes are derived very much at the discretion of individual 
observera Perhaps the best way of treating them would be 
to take them for what they are worth, abandoning attempts 
to reduce them to scales of visual magnitude. They are worth 
a great deal' In some respects, perhaps even more than 
magnitudes estimated by the eya For their enumeration 
and classification may supply both geometrical and physical 
data regarding the stars; indications, that is to say, as to 
their arrangement in space, and indications besides of their 
assortment by affinity of constitution into ind^nitely vast 
&ggreg&tion& 

The photometry of nebuke has, so far, obtained less than 
its due meed of attention. Sir William Huggins ascertained, 
in 1866, the extreme intrinsic fedntness of such objects,' and 
there the matter rested until the universal agency of the 
camera was made available. Then, in 1884, Mr. W. H. 
Pickering described a mode of constructing a scale of photo- 
graphic intensity by exposing a number of small squares at 
one side of a sensitive plate to a known light-source during 
difiTerent intervals of time.^ These, developed with a nebula- 
picture subsequently imprinted, afford so many terms of 
comparison for the relative brightness of its parts. He drew 
in this way a set of ** isophotal contours " in the Orion nebula, 
and the map representing them constitutes a record of present 
interest, and of possible future importance. The absolute 
brightness of the formation, in the central "Huygenian" 
region, was found to range between 70 and 140 units, the 
adopted unit being one-millionth of the light given by a 
standard pentane lamp. Ko further equally systematic 
attempts have been made to determine the luminosity of 
nebulse; although its variability, assured in some cases, 

^ Introduetioii to Cape Photographic Durchmusterungf p. 22. 

* QUI, ibid. p. xii. note, 

' FhH. Tram, toI. oM. p. 892. Cf. J. £. Gore, Observatory, May 1905. 

* Proc Amer. Acad, rol zx. p. 512 ; Harvard AnncUSf voL zxzii. p. 16. 
Sir W. Abney independently two years later invented a similar device, Nature, 
ToL xl. p. 472. 
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suspected in many more, strongly suggests the desirability of 
establishing a fixed plan of measurement. 

There is scarcely one of the numerous tasks of nebular 
astronomy that cannot be better performed photographically 
than visually. In the simple perception of faintly illuminated 
surfaces, the quickly fatigued living retina is left &r 
behind by the imperturbable gaze of a sensitised plate; in 
their delineation, the subtlest human hand is at a similar 
disadvantage. Professor Holden gave his testimony to the 
effect that " every important result reached by his four years' 
study of the Orion nebula with the 26-inch Washington 
equatoreal/' and very many not comprised in it, were attained 
by Dr. Common's subsequently taken photograph, which 
required an exposure of only forty minutes.* Spectroscopic 
inquiries, both stellar and nebular, are enormously &cilitated 
by the substitution of permanent autographic records for sets 
of quivering lines, caught in their mean positions only by a 
keen glance at critical moments, and constantly liable to 
effacement by atmospheric waves. It is true that the range 
of observation is not the same in both cases. The plates 
in ordinary use ignore the lower end of the spectrum, but are 
affected by the higher vibrations which, by their quickness 
and shortness, evade the eya " Orthochromatic " plates, 
sensitive to yeUow and red rays, can, however, be produced 
by staining with eosin and other coal-tar dyes; but their 
use is attended by some inconvenience. Uniformity of light- 
action can scarcely be secured with them; they respond to 
it with a certain caprice ; and are hence apt to yield spectra 
of a somewhat patchy brightness. 

The wonderful comprehensiveness and adaptability of this 
method are strikingly apparent in the results obtained since 
1886 at Harvard CoUege. By no other means could the 
spectroscopic stellar survey executed there and at Arequipa, 
its southern dependency, have been carried out on so great a 
scale. The results constitute a veritable spectroscopic Durch- 
musterung, complete to about the ninth magnitude ;. and the 
work is now being extended to fainter stars. The manner in 
which it was conducted, although described by Fraunhofer and 
Secchi, was virtually novel A prism large enough to cover 

^ Overland MwfUhly, Kovember 1886. 
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the entire objeot-glass is placed in front of it. The stellar 
beams are thus analysed before they are concentrated ; every 
stellar image is transformed into a prismatic riband ; and stars 
bj the dossen or by the score print their separate spectra on a 
single plate with a single exposure. Slit and cylindrical lens 
are alike rejected ; the diurnal motion is employed to widen 
the spectral bands sufficiently to bring out their distinctive 
features. That is to say, the stars are allowed to "trail" 
slightly across the direction in which their light is dispersed. 
The results are admirable; innumerable lines are clearly 
recorded ; but the highest degree of accuracy cannot, in the 
absence of any system of reference-lines, be given to deter- 
minations of their positions Mrs. Fleming's scrutiny, mean- 
time, of the records thus profasely accumulated, has led to the 
discovery of hundreds of objects remarkable for the unusual 
quality of their light; and the spectra of about 1800 bright 
stars, photographed on a larger scale with more powerful 
instruments in the northern and southern hemispheres, have 
been discussed and catalogued respectively by Miss Maury and 
Miss Gannon. 

For detailed identifications, the more laborious plan 
adopted by Sir William Huggins in 1879 is still pursued. 
The stars are taken one by one; their rays are admitted 
through the postern-gate of a slit, and record their peculiarities 
side by side with a comparison-spectrum providing starting- 
points for measurement. The ''Atlas of Stellar Spectra," 
published by Sir William and Lady Huggins in 1899, 
exemplifies the perfection with which details, otherwise 
inaccessible, can thus be brought into view. Glass, which is 
strongly absorptive of the shorter wave-lengths, is excluded 
from their apparatus. The stellar rays admitted to it are 
concentrated hj an 18-inch speculum, and dispersed by quartz 
prisms. Introduced by Sir William Huggins in 1868, the 
spectroscopic method of determining stellar motions in the line 
of sight was perfected, ten years later, by the change of venue 
effected on the initiative of Dr. Vogel, from the eye to the 
plate. Its superiority has, in this difficult branch, trium- 
phantly asserted itself. The precision photographically 
attainable in measuring spectral shifts is chiefly due to the 
virtual elimination of the effects of air-troubles. The lines 
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from which information as to movement has to be gathered 
depict themselves in their normal places. Their waverings, 
so baffling visually, are chemically ineffectiva 

Nor is it only here that the autographic mode of pro- 
cedure attains a refinement on a par with its power. The 
subtlest problem of stellar astronomy is that of annual 
parallax. It leaves room for no compromise in the matter of 
accuracy, yet it has been solved with the aid of the camera. 
Professor Pritchaxd's careful and persevering experiments 
established the validity of photographic determinations of 
parallax, and so furnished to the sidereal armoury a new 
weapon of precision and long range. It happens, moreover, 
that the objects most inviting to the one mode of treatment 
are precisely those reached with difficulty by the other. 
Stars too faint for the eye to deal with satis&ctorily come out 
on negatives in neatly measurable form; while the brighter 
stars suitable for observation with the telescope and micro- 
meter give distended photographic images unpromising for 
exactitude. 

There are indications that reflecting telescopes will before 
long regain the position of preference which Fraunhofer's 
skill in grinding lenses forced them to abdicate. They have 
over their rivals the special advantage of being perfectly 
achromatic ; they collect at one focus all the rays, visible and 
invisible, striking them. This the very best refractors fail 
to effect. However skilful the combination of different kinds 
of glass, a large amount of light is necessarily '^ thrown 
away."^ Opticians have to choose what sections of the 
spectrum they will turn to account, and neglect the rest. 
Photographic refractors are for this reason useless in ordinary 
observation. The images they give are wholly built up out 
of blue light, while the light proper for seeing by wanders 
unserviceably astray. The plates exposed with them must 
accordingly be sensitised in correspondence with the mode of 
their correction. No tolerable results could be got with 
orthochromatic plates in the Henry telescope. 

These drawbacks are, nevertheless, to a great extent out- 
weighed by countervailing prerogatives. Eefractors are more 
manageable than reflectors. They are less sensitive to slight 

* Sir H. Grubb, Monihly Notices, vol. xlvii. p. 809. 
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strains, less intolerant of unequal pressures; they accommo- 
date themselves better to mechanical exigencies, can be more 
rigidly mounted, hence made to follow more strictly the 
circling of the sphere, and so to keep a steadier hold of the 
objects in the field of view. Where measures of precision are 
chiefly aimed at, choice is thus naturally directed to them, 
and they have been stamped as the official instruments of 
celestial photography by their adoption for the vast 
star -charting operations decided upon at the Paris Con- 
gress of 1887. The splendid nebular pictures, on the other 
hand, obtained with reflectors by Common and Eoberts, 
and more recently in America by Keeler and Eitchey, prove 
their superlative fitness for tasks of delineation. More- 
over, their future extensive employment in spectrographic 
work seems inevitable. With refractors, the range of 
good spectral definition is narrowed by their inequalities 
of focal concentration, while reflectors display in uniform 
distinctness the whole light-gamut from end to end. This 
point of superiority is very important, since a partial view 
of stellar spectra is, in many cases, not only unsatisfac- 
tory but misleading. All telescopic varieties, in fact, find 
their place in the boundless fields of photographic research. 
Mirrors do not exclude lenses; instruments of short focus 
have a special function, while for other purposes those of 
long focus are preferable. The needs of sidereal investigation 
are manifold; they claim subventions from every quarter; 
they invoke the most diversified forms of assistance. And 
their demands have been met by a generous largesse of 
inventions and contrivances. 

The foundation of stellar astronomy is, as we have said, in 
infinitesimal accuracy. It could not otherwise exist, since the 
quantities concerned are so small as to disappear amid the 
errors of rough observations. But for its progress, something 
more is required. A few scattered items of knowledge do not 
constitute a science. The word implies the suffusion of a 
subject with intellectual light derived from large inferences. 
Lai^ inferences, however, must be based on a plentiful store 
of facts ; and the fSEU^ts collected by sidereal study are, even yet, 
few compared with its innumerable objects. They are, indeed, 
being continually multiplied. The alliance with photography 
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has widened the basis of reasoning without impairing its 
security. By no other means could the desired information 
be supplied, not only in abundance, but with the needful 
promptitude. For, to a certain extent, the work has to be 
done against time. Just as rapid intuitions are necessary for 
following a long train of mathematical reasoning, because, 
where the steps are laboured, the wearied factdties at last 
refuse to continue to take them, so some degree of forward 
impetus is indispensable for sustaining the universal interest 
which gives a subject its vitality, but declines to follow too 
tardy an exchange of one halting-place for another. 

Thus, not merely what it can do, but the rate at which it 
can do it, has to be considered in estimating the value of 
photography as an aid to astronomy. And there is Uttle fear 
of its admitting lassitude through sluggishness of pace. It 
keeps up a very "Sturm und Drang" of progress. The 
decuple powers of enumeration desired by Homer for catalogue 
ing the crowd of Greek ships are far outdone by it. Its 
instrumentality, moreover, came to hand just when the 
multitudinous character of the problem set by the heavens 
began to be grasped in all its formidable reality. 

The swiftness of the photographic method is due, not 
alone to the great number of objects it can register together, 
but to the dispersion and division of labour it makes possible. 
Becords obtained by it have the enormous advantage of being 
permanent They fix the flitting incidents of the heavens as 
the phonograph fixes the transient accents of the human 
voice. All the scanty hours of unclouded darkness can thus 
be devoted to securing materials for subsequent investigation 
in daylight or bad weather. Innumerable experts may be 
employed in this way at remote places and with different ends 
in view. A single negative may be communicative regarding 
stellar photometry, distribution, parallax, proper motion; its 
comparison with others serves to test variability, or even to 
fix the epoch of some mysterious sidereal cataclysm. Yet the 
possession of pictures of celestial objects does not in itself 
constitute an increase of knowledge. They contain latent 
information, just as the skies themselves do, but the educing 
process by which it is made sensible is as necessary in the one 
case as in the other. Zeal in securing them is accordingly of 
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slight avail without industry in discussing them, whether 
personally or by deputy; for astrographical tasks are easily 
capable of delegation. Star-prints are indeed usually dealt 
with by specialists in measurement, whose skill has been 
rewarded by many noteworthy discoveries. Those, too, 
that the future has in reserve will doubtless fall much more 
freely to the share of investigators armed with microscopes for 
the bisection of star-dots on glass plates than of telescopic 
watchers of the heavens. 

Not that the telescope is, or ever can be superseded. On 
the contrary, the enlargement of its capacity becomes more 
desirable with every firesh addition to the apparatus used in 
conjunction with it. Modem sidereal astronomy may be said 
to live on light. Large telescopic apertures are a sin^ quA 
non for its growth and activity. A considerable proportion 
of the objects it has to do with are, in fact, beyond the range 
of small instrumenta It is,, however, as important to 
economise as to collect the &r-traveUed rays from the stars ; 
and in this direction little has been accomplished. Under 
the best conditions, no more than 5 per cent of the light 
striking the 40-inch object-glass of the Yerkes refractor 
actually reaches the sensitive film after transmission through 
the great Bruce spectrograph ; and although the waste in 
other forms of apparatus is less formidable in amount, they 
cannot yield results of equal precision. For obtaining legible 
records of the faintest spectra, none can compete with the 
slitless spectrc^raph employed in connection with the Crossley 
reflector at the lick Observatory. How much of the incident 
hght it turns to account has not been ascertained ; but stars 
of the fifteenth magnitude have none to spare, and their rays 
can be saccessfolly analysed on Mount Hstmilton. 
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CHAPTEE III 

THE 8TABS AS 8UNS 

The stars, speftking broadly, are suns. But what is a sun ? 
We can only reply by taking function into consideration. A 
sun is a great radiating machine, and the obvious criterion 
for admission to the order is fitness for this office. Qualifi- 
cation to be a centre of light and heat is the dominant 
characteristic of each of its true members. Now the solar 
emissive activity is concentrated in a shining shell of clouds 
known as the '' photosphere," which the entire energies of the 
organism (so to specJc) seem directed to maintain and renew. 
And with reason, since its efficiency as a radiator depends 
upon the perpetuation of the condensing process by which 
this brilliant surface is produced. 

The possession of a photosphere must then be regarded as 
an essential feature of the suns of space. But such a struc- 
ture can only be formed in an incandescent atmosphere, the 
action of which modifies, more or less powerfully, the light 
traversing it The spectroscope can, in fact, alone decide 
whether a given sidereal object be, in the proper sense, a sun. 
For it is not so much the quantity as the quality of its radia- 
tions that determines the point. They must be such as can 
be supposed to emanate from condensed and vividly glowing 
matter bathed in cooler, though still ignited vapours. That 
is to say, they must, when dispersed by refraction or diffrac- 
tion, constitute a fundamentally unbroken prismatic band, 
marked incHewUdly by effects of absorption. A continuous 
range of vivid light, crossed by dusky lines, is hence the dis- 
tinctive spectrum of a sun. 

The enormous light-power, and, so fax, the solar nature of 

84 
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the stars, followed as a corollary from the Copernican theory, 
since at the unimaginable distances implied by their apparent 
immobility while the earth performed its vast circuit, they 
should otherwise have been totally invisible. But the analogy 
could be strictly tested only by spectrum analysis, and it 
proved virtually completa Complete, that is, for the great 
majority of the stellar populace. There is a residuum in 
which it is impaired ; there are a few scattered instances in 
which it is actually overthrown. 

This degradation of type shows itself in different ways. 
Absorption in some cases becomes so immoderate as well-nigh 
to smother the original light of the star ; the atmosphere in 
others outshines the photosphere, giving rise to bright instead 
of dark lines in the spectrum; while in certain objects a 
similar effect appears to be produced rather by a paucity of 
photospheric, than by the intensity of atmospheric radiation. 
When the fGulure has gone so fax that the light of a seeming 
star, analysed with the spectroscope, is found to consist chiefly 
of isolated rays of various colours, then the object approximates 
more to a nebula than to a star. It certainly cannot lay claim 
to the designation of a sun. 

But as in the other kingdoms of nature, so here ; there are 
no abrupt transitiona Continuity is everywhere maintained. 
The descent from a perfect sun to an undoubted nebula 
is effected without interruption. Hence, inevitably, some 
uncertainty in classification. Broad divisions are easily 
established, but hard and fast outlines to those divisions 
cannot be drawn. " Frontier-instances '' abound, and compel 
recourse to somewhat arbitrary distinctiona We propose, 
in the present chapter, to consider only bodies of assured 
status, with radiative machinery in full working order — 
bodies, as to the essentially sun-like nature of which there 
can be no difference of opinion. 

The four spectral types discriminated by Father Secchi 
still form the basis of arrangement. They may conveniently be 
designated as Sirian and solar, Antarian and carbon stars, all 
showing continuous spectra crossed by dark lines of absorp- 
tion, to which, in the two last varieties, dusky bands and 
flutings are superadded. The Sirian order, however, as 
originally described, included certain bright stars with seem- 



Digitized by CjOOQIC 



36 THE SYSTEM OF THE STAES 

inglj blank spectra, prominent chieflj in the constellation 
Orion ; and these have gained such importance through the 
discovery of terrestrial helium as to compel their relegation to 
a class apart. Thus, Secchi's white stars have, as it were, 
spontaneously ranked themselves into two great battalions^ 
and we shall consider first those that came last to full recog- 
nition. 

Stars of the " Orion " quality are purely white ; their light 
approximates to being in the native state ; that is to say, it is 
scarcely modified by the arresting action of their atmospheres. 
Yet it is not wholly characterles& Hydrc^en and helium, 
especially, have left their stamp upon it. Fig. 1 of Plate IL 
reproduces, by the kind permission of Professor Pickering, a 
spectrograph of e Orionis, the middle star in the Belt, taken 
at Arequipa, November 10, 1896, with the 13-inch Boyden 
refractor. The dispersion was produced by means of a train 
of prisms in front of the object-glass; no slit was used, 
consequently no comparison coiHd be made available ; and the 
exposure allowed was of 106 minutes. The darkening at 
either end is due to the Umited range in sensitiveness of the 
plate employed. Helium-lines are nearly as strong as those of 
hydrogen in the spectrum of € Orionis ; and their association by 
Sir Norman Lockyer and others with the newly unearthed gas 
encouraged Dr. Vogel, late in 1895,^ to search for further 
signs of their presence in a large collection of stellar spectro- 
grams, prepared at Potsdam by Dr. Wilsing. To his surprise, 
he found Orion-stars to be fairly numerous all over the sky ; 
and the late Mr. McClean's researches proved them to be still 
more prevalent in the southern than in the northern hemi- 
sphere. 

They are, for several reasons, of particular interest. 
Sidereal genealogists assign to them a very early standing. 
They seem, indeed, to occupy a position intomediate between 
true nebulae and Sirian stars. This conclusion is enforced, 
first, by the visibility of nebulous appendages attached to 
many helium-stars ; next, by the low density which is one of 
their least doubtful characteristics. And it obviously implies 
that they have made less progress in contraction through 
cooling than globes of more substantial build. But even 
^ SiUwngsbm/dUef Berlin, October 24, 1896. 
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among helium-stars themselves gradations of age are per- 
oeptihle. Miss Manrj arranged them into six groups/ corre- 
sponding, it was plausibly supposed, to so manj stages of 
advance in condensation. One of the earliest of her stars, 
Orionis, is significantly placed at the core of the great Fish- 
mouth nebula ; and in the species to which it belongs, metallic 
absorption is barelj discernible, while some peculiar lines, 
identified with hjdrogen hj Pickering and Bydberg, come into 
view, together with a few delicate triplets shown by McGlean 
to originate from oxygen. Helium and hydrogen are besides 
represented by their usual sets of rays. Although some 
advance from the immature state of is marked by the spectrum 
of 6 Orionis, it still bears the impress of oxygen and "cosmic " 
hydrogen. Silicon-absorption is immistakable in Bellatrix; 
/3 Crucis, one of the gems of the Southern Gross, is an 
exemplary oxygen-star; and, at the stage reached by Algol 
and Bigel, primitive symptoms have been superseded by the 
clear emergence of magnesium and calcium-absorption. 

To resume. Helium-stars have these special featurea They 
possess envelopes of helium capable of selective action upon 
light. Some among them, and notably those with nebular 
afiBnities, show dark rays of oxygen and cosmic hydrogen. In 
all, metallic absorption is feeble. The photospheric radiance 
of all spreads abroad into space sensibly unmodified by atmo- 
spheric stoppage. Finally, they tend to congregate in the 
Milky Way, particularly in the southern hemisphere. 

Siiian stars resemble their predecessors in their brilliant 
whiteness and comparative freedom from atmospheric encroach- 
ments. There is little or vuo^ trace in them of the general veil- 
ing efiTect by which our own sun is shorn of a large proportion of 
his more refrangible beams. The Sirian spectra, although not 
intact, are entire, and are hence especially strong in their 
ultra-violet sections. To this immunity from absorptive 
attacks there is one remarkable exceptioiL The sign- 
manual of hydrogen is stamped upon them with extraordinary 
intensity. A number of metals are also present, but they 
show lines too faint and fine for easy recognition. Fraun- 
hofer's " D," the ubiquitous double-line of sodium, is neverthe- 
less obvious, as well as the " K " of calcium and the " blue " 

^ Jffarvard Annals, vol. zxviii. p. 15. 
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line of magnesium. With the best definition, too, multi- 
tudinous fine striations, a large proportion of them due to iron, 
can be photographed. Thus, in the spectrum of Sinus (see 
Plate II. Fig. 2), Mr. S. A. Mitchell counted on his plates 75 
lines in the restricted section comprised between two consecu- 
tive hydrogen-lines (H/S and Uy)} 

Photography has indeed played an essential part in the 
investigation of Sirian spectra. The strength of their ultra- 
violet radiations lends to the method peculiar efficacy in 
dealing with them; and the advantage was turned to the 
fullest account by Sir William Huggins in 1879.* The 
impressions secured by him with an apparatus from which 
glass was wholly excluded, afforded a discovery memorable, 
not in the history of astronomy alone, but in that of mole- 
cular physics as well 




Fio. 1.— Spectrum of Hydrogen in White Stan (Hnggins). 

A photograph of the spectrum of V^a obtained with one 
hour's exposure contained twelve strong lines (shown in Fig. 1) 
forming a group in obvious rhythmical connection. They 
crowd together more and more as their wave-lengths shorten. 
A common origin for the entire at once suggests itself : and, 
on the ground that its two most refrangible members were 
already known as hydrogen-lines. Sir William Huggins did 
not hesitate to pronounce hydrogen responsible for alL His 
inference has been amply justified. Seven of them proved to 
have been, a short time previously, photographed directly from 
glowing hydrogen, by Professor H. W. Vogel ; * and the com- 
plete set was similarly procured later by M. Comu,* but with 

* Astroph, Joum, vol. x. p. 32. 

• Phil. Tram. vol. clxxi. p. 669. 

» Astr. Naeh, No. 2801. 

* Journal de Physique, t. v. p. 841 (1886). 
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extreme difficulty. Although the purified gas filling the 
capiUaiy tube placed in front of the alit was excited by 
powerfiil electrical discharges, its highest radiations took no 
less than three hours and a half to get satisfactorily printed 
Some idea may thus be gained of the intense incandescence 
reigning in the remote stellar atmospheres from which they 
were first derived. 

The law regulating the sequence of hydrogen -lines was 
assigned by Balmer in 1885.^ It is a purely empirical 
formula that may be modified at will; yet since it has 
availed, not only to connect together numerically lines already 
observed, but also to locate additional ones, it must corre- 
spond to something essential in nature. The members of the 
''Huggins-series'' are really indefinitely numeroua They 
crowd up towards a limit in the ultra-violet, which, like the 
asymptote of a curve, is continuously approached, yet never 
actually attained. Subjoined are the wave-lengths, in ten- 
millionths of a millimetre, of the first twenty, as given by 
Dr. Eayser.^ Their designation by the letters of the Greek 
alphabet is now all but universal 

Derigiuvtion. W«Te-leDgth. Designation. W«ve-loDgth. 

H a 6563-07 (Framiliofe?'8 C) HA 3734*51 

H P 4861*52 ( » F) H /a 3722-08 

Hy 4340-63 (near „ G) H i^ 371211 

H5 4101-90 ( „ h) H^ 3704-00 

H c 3970-22 ( „ B) Ho 3697*29 

Hf 3889-20 Hit 3691-70 

H17 3835-53 Hp 3686-97 

H0 3798-04 Ho- 3682-95 

Ht 3770-77 Ht 3679-49 

Hfc 3750-30 B.V 3676-40 
Theoretical limit X 364613. 

This series was believed to be solitary until Professor 
Pickering announced, in 1897,^ his identification of a com- 
panion-set of lines in the peculiarly constituted southern star, 
^ Pappi& Much knowledge had by that time been gained 
r^arding spectral series. The pattern set by hydrogen had 
been found to be conformed to, with variations, by the 

^ Wiedemann's AtinaUn, Bd. zzv. p. 80. 

* ffantPmeh der SpeOroseopie, Bd. ii. p. 506. 

* AHropK Jowmal, vol. v. p. 92. 
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emiasions of a number of other subBtances ; and what might 
be called a typical arrangement of three series linked togethei^ 
by a slightly modified common formula, had come to be recog- 
nised as prevalent. This triple set consists of two " subordinate " 
series, conveiging towards the same limiting wave-number/ and 
a '' principal " series, composed of much more widely separated 
lines. Kow Pickering's series is constructed accordantly with 
Huggins's series ; it runs up to an identical " head " in the 
ultra-violet; and was hence at once, and beyond the possi- 
bility of mistake, associated with hydrogen. Tet it cannot 
be procured artificially. We are entirely ignorant of the 
conditions imder which it is displayed. It is only certain 
that they prevail in early helium stars, and have become 
abolished by the time the Sirian stage is reached. 

The fact is a memorable one that the true character and 
full extent of the hydrogen-spectrum became known through 
astro-physical inquiries. It shows with what curious un- 
expectedness the obligations of one science to another may 
be repaid, and exemplifies the advantages to be reaped by 
terrestrial chemistry from extending its experimental range 
to the heavenly bodiea The "white star" set of rays has 
furnished a clue to many a spectral labyrinth, and its under- 
lying principle of order has been proved, by extended 
laboratory -research, to be of vital importance in molecidar 
physics. The modulated behaviour of diCTerent rhythmical 
series under varied treatment is profoundly significant, and 
indicates one of the most promising methods for probing the 
secrets of material structure and ethereal relationships. 

Disproportion in strength between hydrogen and metallic 
lines reaches a maximum in the spectrum of Sirius, a section 
of which, from a superb Harvard photograph, is shown in 
Plate II., Fig. 2. Helium makes no effect in it; and the 
change of type from e Orionis could be discerned — even if 
every other symptom of it were absent — ^from the substitution 
for the " blue " helium-line (at X 4472) of a dark magnesium- 
ray slightly less refrangible. This trait of magnesium-absorption 
is relatively much stronger in Sirian stars than in the sun and 
his analogues; and a particular meaning is lent to the dis- 

^ Wave-numbers, or frequencies of vibration, are the reciprocals of wave- 
lengths, and are always substitated for them in numerical calcnlations. 
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crepancy by the circumstance that the line in question is (in 
£ir Korman Lockyer's phrase) " enhanced " in passing from the 
electric arc to the spark. Silicon is the only non-metallic 
element besides hydr(^n identified in Sinus ; and here again, 
the identification is by means of lines intensified in the electric 
spark. 

An exposure of eighty-two minutes, with the 1 3-inch Boyden 
refractor, was given at Arequipa to the negative from which 
Plate II., Fig. 3, is copied. The spectrum represented is that of 
the magnificent Ganopus (a Carinae). The diminished width of 
the hydrogen-lines, and the augmented conspicuousness of the 
calcium K, signify a decline from the condition of Surius 
towards that of our sun. Many distinctively solar lines have 
asserted themselves ; yet no less than twenty members of the 
hydrogen-series may still be seen or photographed, while only 
four can be clearly made out in the sun. There is reason 
to believe that the measure of their affluence gives a searching 
test of stellar constitutioiL 

Although the hydrogen spectrum is domioant throughout 
the first order of stars, it is not in all represented with equal 
emphasis. The diffuse lines constituting it in Sirius and 
Vega show, in descending gradations of fineness, in Castor, 
Fomalhaut, and Altair. They appear, moreover, less solitary 
in proportion as they become less intense. Their all but 
exclusive possession of the ultra-violet field is progressively 
encroached upon by the development of other spectral lines. 
The co-ordination of the two kinds of change may be expressed 
by the general statement that the prominence of rays due to 
dbsorptwn by metals in the spectra of white stars varies in- 
versdy with thai of the hydrogen series. When the hydrogen- 
rays become effaced from the invisible, and cease to dominate 
the visible part of the spectrum, the second, or solar type of 
stars is reached. 

These are about one-sixth lees numerous than the first 
kind. We may take as examples : Capella, a Ursad Majoris, 
a Cassiopeiae, a Arietis, e CarinsB, a Serpentis, Aldebaran, and 
Arcturus. The pole-star, Frocyon, a Leporis, and a Persei, 
stand nearly midway between the two groupa 

A golden tinge like that of sunlight betokens, in stars of 
the second order, a spectrum more or less perfectly similar to 
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that of the sun, delicatelj ruled firom end to end through the 
absorptive effects of a great variety of metallic vapours ; non- 
metallic substances are represented only by hydrogen, associated 
in the sun with silicon, oxygen (a trace), and carbon. The 
extent to which the lines are crowded together may be judged 
of from the photographed spectrum of Capella depicted in Plate 
II., Fig. 4. Dark hydrogen-rays are present, but with no pre- 
eminence, and No. 5 of the series (He) probably lurks concealed 
within the shadow of an obscure diffiise band which covers its 
place. This band was named by Fraunhof^ H, and its com- 
panion, a little higher up, is designated K. The pair form the 
most strongly-marked feature of the spectrum of calcium when 
raised to the highest pitch of incandescence; the ordinary 
flame of the substance shows them but dimly. 

They are peculiarly characteristic of the spectrum of solar 
prominences. Daylight observations at the edge of the sun 
disclose them as invariably brilliant in the chromosphere, and 
shining up to the very summit of each one of its flame-like 
extensions. Moreover, during the total eclipse of May 17, 
1882, the violet radiance of H and K flooded the shadowed 
part of our atmosphere, and dimly illuminating the purple 
disc of the moon, was scattered far out among the " aigrettes " 
of the corona. 

Corresponding symptoms of the phenomenal importance of 
calcium- vapour in the sun's economy had been already de- 
tected by Professor Young in the course of his daylight 
spectroscopic observationa But they were not fully appreciable 
until photography was made available for their continuous 
investigation. H and K Ue at the verge of the visible 
spectrum; the eye perceives them with some dijBOlculty; 
while the chemical retina is extremely sensitive to their 
vibrations Further, the black bands due to their absorption 
have, in the Fraunhofer-spectrum, dark shadings symmetri- 
cally attached to them, by which the bright rays of the 
same refrangibility used in prominence -photography are 
effectively sheltered against atmospheric glare. This con- 
venience was amply turned to account when Professor Hale 
and M. Deslandres independently adapted to the purposes of 
daylight solar photography Janssen's invention of a double 
sUt for isolating individual qualities of light. In particular. 
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it led them both to the discovery that the sun's disc is over- 
spiead with wreathed shapes of glowing calcium, designated 
by Professor Hale "flocculi/' and regarded as expansions 
of vaporous masses, lying at the base of the chromosphere, 
and fed by mounting torrents from the sun's interior.^ The 
intensity of their radiation appears anomalous, and may, he 
thinks, need to be explained otherwise than by mere elevation 
of temperature. 

Presumably, all solar stars possess calcium -appendages 
equally well-developed with those of the sun. Their spectra 
are impressed with the same powerful H and K absorption ; 
and it is hardly conceivable that a statmp so peculiar, and 
so emphatically impressed, should have a different meaning 
in them firom that deciphered in the one star accessible to 
interpretative research. The calcium H falls, nevertheless, 
very near indeed to the hydrogen He (see Plate II., Fig. 3), 
the difference of their wave-lengths amounting to no more 
than one ten-millionth of a millimetre, and it is only on the 
best negatives that they can be separately distinguished. 
Usoally, either the hydrogen-line is so widened as to mask 
the calcium -Une, or the calcium -line as to enwrap the 
hydrogen-line. Professor Young, however, saw them side by 
side, bright, during his observations of prominences in 1879- 
1880; and they appeared dark in a photograph of the spectrum 
of a Cygni taken at Harvard CoUege, November 26, 1886. 
In this star, a spectrogram of which, taken under Professor 
Pickering's direction in 1893, is reproduced in Plate IIL, Fig. 
1, the hydrogen rays have thinned down almost to their solar 
condition, while other metallic lines are fine yet pronounced. 
Such a critical balance of conditions alone made possible the 
individualisaticm of the two lines on the earlier Harvard plate. 

Thus, while the double origin of H opens the way to 
misunderstandings, the state of the calcium-Une at E is a 
most useful index to the physical condition of a star.^ Next 
to the mode of appearance of the hydrogen series, it is 
perhaps the feature most deserving of study in analysed star- 
light The substance emitting both H and K is evidently 
of first-rate importance among the vapours surrounding the 

^ PUbliaaumi ofHu Ytrku ObierwUory, toL iii. parti p. 16. 
* Ab Sir William Huggins pointed out in 1879. 
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Bun. And that it is, in fact, the metal calcium in a highly 
rarefied state, was proved by the experiments of Sir William 
and Lady Huggins in 1897.^ The hypothesis of its dis- 
sociation in the sun thus remains unverified It is true 
that the twin-lines H and K difiTer in their relationships firom 
most of the other component-rays of the calcium spectrum. 
They stand aloof from any arrangement into series; they 
exhibit special effects under pressure, and — we may add with 
approximate certainty — ^in a magnetic field. Such personalities 
of behaviour in spectral lines are familiar in the laboratory 
as well as in the heavenly bodiea They do not seem to 
indicate a compound nature (as ordinarily understood) in 
the emitting element; yet they undoubtedly suggest a less 
rigid uniformity of structure among its minute vibrating 
particles ' than had, until recently, been held compatible with 
the accepted principles of physical chemistry. 

Some slight diversity of detail is to be found among 
spectra of the second type. In the main, however, they are 
closely alike ; and the chemistry of the sun may be called 
normal for all his congener& The model solar star was 
long supposed to be Capella; and it is true that in the 
invisible, as well as the visible part of its prismatic light, all 
the characteristic solar groups exist in about their solar 
strength. Dr. Scheiner identified with extreme precision 
255 lines photographed from Capella (between wave-lengths 
4124 and 4638), with lines derived from the sun;* and it 
appeared reasonable to infer an almost perfect constitutional 
similarity between the two bodies. Capella has since, never- 
theless, proved to be a double star with a compound spectrum ; 
and the secondary component gives light resembling that of 
Procyon or Canopus more than that of the sun. Thus, the 
ultra-violet hydrogen-lines distinguishable in the joint spectrum 
belong to this star, and not to the primary body, which is 
genuinely solar. In the sun itself, the hydrogen-series has 
no more than four representatives. Professor Ames was able 
to ascertain, through the cloak of calcium-absorption, the absence 
of He, its fifth member ; ^ and some vague shadings, noticed 

* Agtroph, Joumalf voL vi. p. 77. 
' Eayser, JBdndbtich der Speetroscopte, Bd. i. p. 579. 
' At^, Nock, No. 2923. * PhU, Mag. vol. xxz. p. 54, series ▼. 
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by Bowland near the positions of some of its more refrangible 
associates, are of uncertain meaning. Solar stars of pure 
type should, then, display four, and only four, dark rays of 
hydrogen; the presence of additional ones gives rise to a 
suspicion of duplicity. The chief member of the southern 
star-pair, a Centauri, again offers a perfect example of a sun- 
like spectrum ; and this star, being the sun's equal in mass, 
may be concluded to be similar to it also in temperature, 
density, and light -power. The uses, for purposes of com- 
parison, of an authentic model- sun have been expressly 
adverted to by Sir David GilL 

In Aldebaran this standard is pretty widely departed 
frouL The pale rose tint of its light is accounted for by the 
slightness of absorptive effects in the red end of its spectrum, 
while numerous lines modify the yellow and green, and the 
violet rays are so feeble that, with an exposure fifty times that 
required for Sirius, Sir William Huggins, its original spectro- 
grapher, obtained only an impression virtually conterminous 
with the perceptive range of the eya This feebleness of 
chemical action is perhaps due, not to intrinsic deficiency of blue 
light, but to its stoppage in the vaporous envelope of the star. 
The spectrum of Arcturus (a Bootis) varies from the solar 
pattern in the same direction, though not to the same extent, 
as that of Aldebaran. A section of its blue part is copied in 
Plate IV., Fig. 1, j&om a photograph taken by Professors Frost 
and Adams in 1903 with the great Bruce spectrograph of 
the Yerkes Observatory. Spark-Unes of titanium furnished 
a comparison-spectrum ; and the emphatic nature of the coin- 
cidences gives an idea of the strength of absorption by that 
metal in the star's atmosphere. In the sun also, titanium 
plays a remarkable part. The lines due to it, although 
mostly fiednt in the Fraunhofer spectrum, come out with 
augmented intensity in the spectra of agitated spots; and 
the copious photographic record of its emissions, especially as 
obtained by Mr. Evershed during the Indian eclipse of 1898, 
assign it a place among the permanent constituents of the 
solar chromosphere and prominences.^ In the spots and 
eruptive appendages of Arcturus, we may be reasonably sure 
that it is still more plentiful and active. 

1 Ifannder, The Indian Eclipse, p. 70. 
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Ko line of demarcation can be drawn between helium 
and Sirian stars on the one hand, or between Sirian and 
solar stars on the other. And the presumption is strong that 
the transition from each class to the next is effected bj actual 
development ; that the same object passes suocessivelj through 
the indicated changes. The chief reason for hesitation in 
adopting this view is that the various stellar orders are not 
indifferently scattered over the heavens ; but we understand 
very little of what such distinctions really imply. There is, 
besides, dome direct evidence that helium stars are those most 
recently condensed from nebuka. Some of them appear to be 
as yet not wholly detached from their cloudy matrices ; while 
Sirian and solar stars, although they may be projected casually 
upon a nebulous background, are probably never, in point of 
actual fact, nebulous. Nor is the supposition admissible — as 
the case stands at present — ^that helium stars can progress 
to the solar condition otherwise than by the prescribed routa 
The intermediate Sirian type must apparently be conformed 
to before the third station on the long journey comes within 
reach. Some authorities, it is true, believe that it may be 
dispensed with, and that a Cygni is an example of stars 
traversing this evolutionary short-cut;^ but the better 
opinion is adverse to such a possibility. 

We may now briefly reconsider the course and kind of 
modification undergone by the stars, so far as we have yet 
taken them into account In the first place, there is a steady 
increase of general absorption. The light of Bellatrix (7 Qri- 
onis), for instance, attains outer space substantially as it 
left the star's photosphere. Its native bluish tinge subsists; 
the proportionate intensities of its variously refrangible 
sections remain unaltered. But our sun's proper atmosphere, 
or " smoke- veil," arrests a large percentage of his violet radia- 
tions. The solar disc is, indeed, quite brownish near the 
edges, because near the edges the light cuts obliquely through 
the reddening strata, and suffers in consequence heavier 
encroachments. Could they be stripped off, the sun would 
blaze with at least once and a half times its present bright' 
ness, and would show a steely lustre very different from the 
golden radiance we are accustomed to. There is hence no 

^ Soheiner, Poe«iam PublieaJtionm^ Bd. Yii. Th. ii. p. 881. 
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Stellar Spectra of three Tyjies. 

1. S[>ectrum of Areturus with Titanium Comj)aiison-SiJectrum (Frost). 

2. Si>ectniiii of o Ceti (Pickering). 

3. Sjiectra of the fourth type (I)uner). 

(From Decennial Publications of the University of (/hicago.) 
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warrant for asserting that the emissive outpourings of solar 
orbs differ intrinsically from those of Sirian or of helium 
stara It is certain only that they are strongly modified by 
selectiye absorption which has no appreciable effect upon 
spectra of the earlier types. 

The signs of specific absorption, as helium grow into solar 
stars, alter by insensible gradations, but according to a 
visibly consistent method. From beginning to end of the 
series there is a steady increase in the number and intensity 
of metallic lines, very notably in those of iron, which, next to 
the giant-bands of calcium, constitute the dominating feature of 
the solar spectrum, yet are imperceptible in the prismatic light 
of Bigel and Bellatrix. Absorption by helium and oxygen ^ 
comes in at the start, but has a strictly limited time-range. 
It scarcely brooks competition, sharing the field only with 
hydrogen in its terrestrial and cosmic forms ; metals, in the 
earliest stars, showing only by a faint streak of magnesium. 
As they b^in more numerously to assert their presence, 
helium lines become effaced, and those of hydrogen attain 
their Tnaxinium development. But the Huggins-series is now 
alone represented, for the Pickering set is even shorter-lived 
than the helium rays, and it appears exclusively in what are 
supposed to be the earliest stars. This is an extraordinary 
circumstance, most baffling to comprehension. There is no 
other known instance of such independent behaviour on the 
part of a spectral seriea Nor can its meaning, in the total 
absence of terrestrial experience, be interpreted by so much 
as a plausible conjecture. If the Pickering lines could be 
induced to show in vacuum-tubes some basis would be supplied 
for reasonings on the subject; but attempts to elicit them 
have, so, Ubix, proved altogether fruitless. It is also important 
to remember that, in the stellar succession, the character of 
metallic absorption changes as well as its strength. The few 
traits of it which appear compatible with the display of 
helium are — ^in Sir Norman Lockyer's phrase — ^''enhanced" 
lines; lines which vivify notably when for the illuminative 
agency of the electric arc a disruptive spark-discharge is 

^ Frost and Adams suspect that oxygen-stars may be trayersing a road 
parallel to the main track of eyolntion. I\i!bU Univerniy of Chieoffo, toL viiL 
^107. 
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substituted. In a general sense it may indeed be said that 
the spectra of the sun and of solar stars imply a state of 
things in their reversing layers analogous to that prevailing 
in the arc-light, while in helium and Sirian stars the con- 
ditions of the spark are more nearly reproduced. The 
distinction is promising for interpretation; laboratory ex- 
periments are here available, and give hope of a solution to 
the problem. Yet it still in a manner evades our grasp. 
Physicists are not agreed as to how the signs they register 
should be read. Something will be said in a future Chapter 
about their tentative conclusions. 
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CHAPTEE IV 

THE CHEIOSTBY OF BED STARS 

Neablt all stars of a pronounced red colour show spectra 
crossed by dusky bands of absorption. Two varieties can be 
at once discriminated. They respectively form Secchi's third 
and fourth types. Now spectra consisting of bands or flut- 
ings are given out in the laboratory by compoimd substances, 
such as oxides and chlorides, as well as by the chemical 
elements glowing at a low pitch of excitement. They were 
formerly thought to originate from molecular, line-spectra from 
atomic vibrations. But this opinion has been much shaken 
by recent experienca^ Trowbridge and Bichards concluded 
in 1897* that, where electricity is the illuminating agent, 
an oscillatory discharge gives rise to isolated rays, a " dead- 
beat " discharge to flutings. And it is easily understood that 
successive shocks of transmitted energy should evoke more 
intimate thrillings than an even flow. Electrical stimulation 
of any kind is not, however, necessary for the production of 
banded spectra; the cool oxygen of our own atmosphere 
stamps the red section of dispersed sunlight with three 
conspicuously dark flutings. Moreover, a profound difference 
in the relationships of the two kinds of spectra is signified by 
the insensibility of fluted emissions to magnetic influence. 
They evince no trace of a ''Zeeman effect"; they remain 
unaltered and imperturbable in the field of the most power- 
ful magnet. Pressure is similarly impotent to modify their 
wave-lengths or structure. They are, however, displaced by 

1 DeslandreB, CompUs JUndus, t. ozzxyii. p. 1018, Deo. 14, 1903. 
* American Journal of Science, vol. iii. p. 117. 
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radial motion in the same manner, and to the same extent, as 
linear emissions. 

Flutings are made up of numerous individual lines set 
more and more closely together towards the '' head/' and at 
continually widening intervals towards the '' tail" They in 
fact constitute series, on the model of those of hydrogen and 
helium, but condensed into a much smaller space. The 
numerical formulae representing the principle of their con- 
struction have, since 1885, been investigated with a £Edr 
promise of success, first by M. Deslandres,^ later by M. Thiela^ 
Enough has been done to show that the arrangement both of 
bands in the same spectrum, and of lines in the same band, 
is methodical, and may eventually be rendered intelligible ; 
but the underlying laws are too intricate for immediate and 
full recognition. 

In the stars, fluting-absorption is superadded to absorption 
by lines. Metallic groovings, agreeing in position with those 
of the solar spectrum, but somewhat reinforced, as a rule, in 
strength, aid the interception of photospheric radiations 
dimmed further by a " smoky " envelope chiefly arrestive of 
the shorter wave-lengths. Thus, three distinct forms of 
absorption mark their effects in banded spectra, and seem to 
betray the action of deep and dense vaporous strata. Hence 
the redness of the stars. And, because their photographic 
rays are largely cut off, they come out on sensitive plates five 
or six times fainter than they appear to the eye. Their 
spectra, too, are recorded with much difficulty. In some, 
nearly aU the violet, and all the ultra-violet, light is extin- 
guished ; while their blue beams are enfeebled by crossing a 
triple barrier of absorption. For purposes of effectual investi- 
gation, accordingly, orthochromatic plates have to be em- 
ployed; and these are not free from inconveniences and 
drawbacks. 

From Antsores (a Scorpii), a remarkably fine specimen of 
the third steUar type. Sir Norman Lockyer has conveniently 
designated its members ''Antarian stars." The flutings in 
their spectra terminate abruptly towards the violet, but shade 

^ Oomptes Bendui, to. p. 1256 ; ibid, Oct 17, 1904 ; Eayser, Eandbtuh 
der Speetroaeopie, Bd. ii. p. 475. 

* Astropk, Journal, toI. yL p. 65, Tiii. p. 1. 
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off gradually towards the red, pioducing to the eye something 
of a colonnaded effect. This, however, is lost in photographs ; 
partly because the flutings are discontinued in the higher 
spectaral ranges, partly because the general impression is over- 
borne by the wealth of self-recorded details. All spectra of 
this kind are constructed on the same fundamental design. 
The principal bands, of which ten are counted, reappear with 
essential invariability in every Antarian star.^ A homogeneous 
origin is thus suggested for them. It is tmlikely that many 
substances, each acting independently of the others, are con- 
cerned in the weaving of a pattern widely diffused, and 
practically unchanging. Yet their chemical interpretation 
long remained a source of perplexity. Third-type absorption 
had no known analogue imtil Mr. Fowler, in 1904,' thought 
of comparing it with the flutings emitted by titanium oxide, 
rendered luminous by low-tension electricity. They were found 
to coincide veiy approximately with eight out of the ten star- 
bands; and particular resemblances in the arrangement of 
lines within the flutings emphasised the general agreement 
Stellar spectra of the third type thus promise finally to yield 
up their secret ; for it must be, at least provisionally, admitted 
that titanium plays a leading part in giving them their 
channelled aspect. Cyanogen flutings, too, have been photo- 
graphed in these stars by Professor Hale and Mr. EUerman ; * 
but they are of shorter wave-lengths than any of the bands 
previously measured. They constitute a novel feature of 
uncommon interest, as the only symptom so far recognised of 
the presence of carbon, or its compounds, in third-type stars. 

Aldebaran, although a solar star, is immistakably of a 
reddibh tinge. The blue end of its spectrum is heavily 
obscured ; and the flutings characteristic of the type towards 
which it seems to be advancing are just indicated as embryonic 
shadings. The object might be called a linking instance 
between Arcturus and Betelgeux (a Orionis), in which titanium 
flutings (if we may so designate them) are fully developed, 
while the main features of the Fraunhofer spectrum remain 
unaltered and uneffaced. The least possible departure is made 

^ Dundr, SuT Us ttoiUs d Spectres de la TroisUme CUuse, p. 8. 

2 Proc. Soyal Society, March 8, 1904. 

* Spectra of Fourth' Type Siars, p. 116. 
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&om the solar model that is reconcilable with the complete 
presentment of a difTerent typa By comparing Plate II., Fig. 
4, with Plate III., Fig. 2, our readers can estimate the close- 
ness of the analogy between the linear elements in the spectra 
of Capella and Betelgeux. The four lowest lines of hydrogen 
are fedrly strong in Betelgeux ; but in specimens presumed to 
be more "advanced" they thin out, and perhaps disappear 
with the closing in of dense banded absorption. A fine red 
star in the Southern Cross, 7 Orucis, is of nearly the same 
standing as Betelgeux ; in a Herculis the bands have acquired 
strength through the efflux of time, it is supposed, and the 
progress of cooling. 

Eight or nine metals are easily recognisable by their 
absorption-lines in Antarian spectra. Calcium is the most 
prominent. The notable pair of diffuse stripes in the violet 
due to it are fully the equals of their archetypes in the sun ; 
while the flame-line in the blue, \ 4227, shown as a black 
bar bisecting the spectrum in Plate lY., Fig. 2, is of greatly 
augmented intensity. Iron comes next to calcium in effective- 
ness for light-stoppage ; and with it are associated magnesium, 
sodium, chromium, titanium, vanadium, aluminium, strontium, 
and probably manganese. No lines distinctive of the electric 
spark are present ; but those widened in sun-spots stand out 
significantly. 

Bed stars, as we have said, are encompassed with power- 
fully absorptive atmospheres; and atmospheric density and 
extent are, for some recondite reason, accompanied by in- 
stability in shining. The radiative machinery tends to become 
clogged fitfully, or at definite intervals, and irregular or 
periodical variability results. Nor do the spectra of Antarian 
stars remain unaffected by these vicissitudes. Their con- 
tinuous radiance brightens and fades unequally in its differ- 
ently refrangible sections, though according to no traceable 
method; the bands interrupting it alternately close in and 
thin off; above all, vivid rays of hydrogen and other sub- 
stances are kindled with the recurrence of the brilliant plu^ses, 
and die out as each fresh outburst of energy becomes exhausted 
This striking feature was first detected in a spectrogram of 
Mira Ceti taken at Harvard College in 1886 ; and scores of 
"long-period variables" have since, through Mrs. Fleming's 
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researchee, been recognised by their exhibition of the same 
pecuUaTity. Only two of them, however, have as yet been at 
all adequately studied. Mira has been made the subject of 
some admirable investigations at the lick Observatory; and 
X Oygni has been dealt with to good purpose at Potsdam 
during some of its recent maxima. 

The character of the spectrum of Mira is well shown in . 
Plate rV., Fig. 2, reproduced, by the kind permission of 
Professor Pickering, from a Harvard photograph. The two 
blue hydrogen-rays (H7 and HS) emerge resplendent ; yet the 
green and violet lines (Hfi and He) are alike imperceptible ; 
while four of the ultra-violet sequence shine brilliantly. 
Professor Campbell ascertained by direct observations with 
the great lick refractor at the high maximum of 1898, that 
the crimson hydrogen-line makes no show in this star.^ 
Nevertheless, in vacuum-tubes, in the solar chromosphere, and 
in bright-line helium stars, C is the most vivid member of 
the series. In nebulse, on the other hand, it is usually 
invisible ; and thus the unexpected conclusion is forced upon 
us that hydrogen glows in the great irregular nebulae under 
similar conditions of excitement to those prevailing in variable 
Antarian star& The suppression of the fifth line (He) is 
universal in such objects, and was believed to be complete 
until the missing radiation faintly recorded itself on some of 
the spectrograms of Mira lately secured by Messrs. Wright 
and Stebbins at Lick. It seemed to glimmer through a dense 
layer of calcium, the nearly coincident absorption of which in 
general masks it effectually. This explanation, however, needs 
to be further verified. It has much to recommend it ; yet it 
involves an inversion of the order of stratification, as regards 
emitting and absorbing vapours, commonly observed in stars. 

The tripling of the hydrogen -lines in Mira, noted by 
Professor Campbell in October 1898, is highly suggestive of 
magnetic action. But the effect, though eagerly looked for, 
has not since recurred, and appecurs to betoken exceptional 
agitation. On the same occasion, two iron -lines, previously 
registered as dark, came out conspicuously bright; and they 
were again brightened at the maximum of 1902, together 
with a number of others, including the principal arc -line 

' AairopK Joum. vol. iz. p. 86. 
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of silicon at X 3906. Mr. Joel Stebbins^ followed the star 
spectrographicallj down to a Tninimnm at ninth magnitude 
in January 1903, when a six hours' exposure barely sufficed 
to procure a legible, though not a measurable impression from 
rays shorn of the adventitious glory lent to them by transitory 
gaseous incandescence. The phenomena attending the brilliant 
phases of x Oygni, as observed by M. Eberhard,' are essentially 
similar to those displayed by Mira. 

About 15 per cent of third -type stars are established 
variables; and few shine with the constancy of an average 
white star. Moreover, those subject to the widest vicissitudes 
have, on the whole, spectra the least like that of the sun. 
They seem to have descended furthest along an inclined plane 
of change, for there is no evidence of abrupt departures from 
what was presumably the more primitive type. The dis- 
tinctions between our sun and a Mira -variable, though 
strongly pronounced, may have been brought about by in- 
sensible gradations; and the inference invites, if it do not 
command our assent that no halt can be cried in the evolu- 
tionary journey from a stable condition of sun-like luminosity 
to the stage of turbulent incandescence marked by the ruddy 
flare of recurrent maxima. 

The spectra of fourth- type, or "carbon -stars," resemble 
those of the Antarian kind in being marked by linear, as well 
as by banded absorption. Their aspect to the eye is illustrated 
in Plate IV., Fig. 3, copied from M. Dun^r's drawings by 
permission of the University Press of Chicago. From the first. 
Father Seochi recognised the carbonaceous origin of the three 
deep shadings, distinguished in the Figure as B6, B9, and BIO. 
They fetce redward (to the right), and match respectively the 
yellow, green, and blue flutings of the so-called "Swan" 
spectrum, derived, according to some authorities, from pure 
carbon — according to others, from carbon monoxide. But 
these stars are, without exception, faint ; the brightest is of 5*3 
magnitude; and beyond the presence of some strong lines 
due to iron and sodium, little further could be learned about 
them until more powerful optical means became available. 
The completion of the Yerkes 40 -inch refractor at last 

^ Astroph. Jowm, vol. xviii. p. 341. 
' Ibid, voL xviii. p. 202. 
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supplied the needed fiMdlities; and in 1898 Professor Hale, 
assisted by Mr. EUerman, tindertook the spectrographic in- 
vestigation of fourth-type stars. Their oyerwhelming self- 
absorption in the blue made the task seem unpromising ; but 
by the employment of isochromatic plates of different quality 
for the several spectral sections, together with exposures up 
to twenty-four hours in duration, it was successfully executed. 
The definite results, published in 1903, are of the utmost 
value.^ They refer more particularly to eight stars, the 
designations and places of which are as follows : — 



Nune. 


aA.aMO)i 


DecOMOX 


Mag. 


74SclneUerap 

78Sc^eUerap 
115 SclneUerap 

132Sc^eU6rup(=UHy<i«e) . 
818 Birmingham 
152 Sohjellenip 

19Pificiiim . . . . 
280 Sd^eUernp 


6>»19»46» 
6 29 40 
8 49 45 
10 32 86 
10 88 8 
12 24 26 
28 41 17 
28 56 10 


+ 14M7' 
+ 88 82 
+ 17 37 
-12 52 
+ 57 56 
+ 45 59 
+ 2 56 
+ 59 48 


6-5 

6-8 

6-5 

6-5 (var.) 

6-4 

5-5 

5-8 (var.) 

7-8 



Of the above, six are known by their numbers in a 
Catalogue of Be4 Stars, drawn up by the Danish astronomer 
Schjellerup in 1866 ; one is taken from a similar work by 
John Birmingham of Tuam, dated ten years later; and the 
eighth and brightest was enrolled by Flamsteed. On the 
Yerkes plates of their spectra no less than 307 dark lines 
were measured, and in part traced to their origins. They 
indicated the undoubted action of ten substances, namely, 
hydrogen, calcium, titanium, vanadium, iron, sodium, mag- 
nesium, chromium, nickel, and manganese, and suggested that 
of others. The record of cyanogen-flutings in the blue (see 
Plate v.) constituted in itself an important gain to know- 
ledge; and still more the discovery that bright lines are 
profusely scattered among the dark elements of such spectra. 
This had been to some extent perceived by Father Secchi; 
but his observations were only rescued from the discredit into 
which they had fallen by the sure testimony of the camera. 
At present some two hundred rays of emission have been 

^ IkeenniaZ PMieaHons of the UnvoerHty qf Chicago, yol. viii, from wbich 
Plate V. 18 reproduced, by the coartesy of the UniTenity Press authorities. 



Digitized by CjOOQIC 



56 THE SYSTEM OF THE STARS 

determined in caxbon- stars, although one only has been 
securely identified. This is the hydrogen-F, which at times 
(for its condition is subject to change) shines conspicuously in 
the peculiar star 280 Schjellerup (see Plate V., uppermost 
spectrum), and more dimly in a few other members of the 
class; while, in 19 Pisdum, the blue and indigo hydrogen- 
lines are dark, and no trace of F, bright or dark, is to be 
found. Of the remaining crowd of vivified rays, some may 
be due to oxygen and nitrogen, one coincides with the funda- 
mental member of the Pickering-series of hydrogen, and three 
or four besides fall very near emission-rays in gaseous stars of 
the " Wolf-Eayet " variety. On the other hand, the absorption- 
spectra of carbon-stars are extensively composed of lines widened 
in sun-spots ; the metallic spark-lines characteristic of early stars 
have vanished from them, and been replaced by arc and flame- 
lines, held to be an imfailing symptom of advanced stellar age ; 
and it is associated with variability in light even more pro- 
nounced than that shown by Antarian stars. Professor Hale's 
general conclusion is that third- and fourth-type stars " should 
be classed together as co-ordinate branches leading back to 
stars like the sim," from which they probably develop through 
loss of heat by radiation.^ That is to say, an outworn solar 
star may descend to extinction by either of these alternative 
downward paths. But why one is chosen rather than the 
other remains obscure. 

Two circumstances are, however, adverse to the view that 
suns like our own are liable to degrade into carbon stars. 
The first is the lack of intermediate specimena Professor 
Hale urges the plea often put forward by embarrassed palse- 
ontologists, that the record is incomplete; and it may well 
prove valid. He has already picked up some stray connecting 
links, and it would be premature indeed to despair of more 
being found. But there is another very serious difficulty. 
It relates to the distribution of the stars. Those of the 
fourth type are strongly condensed towards the Milky Way.* 
Their relations to the fundamental plane of the sidereal 
system are quite different from those of solar star& More- 

^ DeeennicU PubliecUiofu^ vol. Tiii p. 186. 

* Dun^r, Spectres de la Troitiims Clctsse, p. 126 ; ParkhuTBt, Astropk, Joum. 
▼oL ix. p. 239 : Espin, ibid, yol. x. p. 169. 
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over^ they are evidently extremely remote. They seem to 
oocupy a region of space apart from that tenanted by our sun 
and his congeners. The incongruity is then obvious of 8up> 
posing that they are united with them in a single evolutionary 
series. 

About 250 carbon stars have, so far, been registered. 
Many were detected visually by Mr. Espin; but Mrs. 
Fleming's photographic gleanings have contributed largely 
to swell the total Seven out of the 250 can just be seen 
with the naked eye; the rest are telescopic objects. One 
of the finest specimens is Secchi's ''La Superba" (152 
Schjellerup), situated in Canes Venatici. It was so entitled 
for the extraordinary vivacity of its prismatic rays, separated 
into dazzling " zones," red, yellow, and green, by broad spaces 
of profound obscurity. This star shines with approximate 
constancy; 19 Piscium at times surpasses it in brightness, 
but is subject to temporary deprivations of more than one- 
half its light. These happen irregularly ; many periodical vari- 
ables, however, belong to the same spectral type, among them 
TJ and V Cygni, S CJephei, V Hydrse, and E Leporis, noticed 
by Hind for its intense crimson colour. 

The comparative dimness of all such objects, though 
doubtless in part due to their great distance from the earth, 
is readily explicable by the opacity of their atmospheres. 
How muoh of their intrinsic light escapes absorption can 
only be conjectured; if we put it at a tenth, our estimate 
is likely to exceed rather than fall short of the truth. 
Only loopholes, so to speak, are left for its exit; and, as 
usual, the violet and blue rays suffer most severely, being 
indeed almost completely smothered. The special depth of 
colour in carbon stars is thus accounted for. They are not 
merely suffused with red, like Betelgeux and Antares ; they 
actually simulate the glow of carbuncles or rubies in the field 
of the telescope. Vast and magnificent orbs must be found 
among them. Under circumstances less disadvantageous, 
some might well take rank in the second magnitude of Sirian 
and solar stars ; and this apart from any allowance for their 
apparently exceptional remoteness. The final darkening and 
death of fourth-type stars may then be reckoned as a con- 
tingency too far off for definite realisation. 
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CHAPTEE V 

GASEOUS STARS AND NEBULA 

Gaseous stajrs form a restricted and peculiar class. The 
objects belonging to it are characterised hj the display in 
their spectra of isolated bright and dark lines on a more or 
less perfectly continuous background. They present us then 
with a triple combination — a direct gaseous spectrum, a 
reversed gaseous spectrum, and a spectrum due to glowing 
solid or liquid matter, all simultaneously made manifest by 
the unrolling of a single scroll, yet each originating imder 
very different conditions. The true discrimination of those 
conditions tasks all the resources of physical sidereal 
astronomy. 

The state of bright emission is in some stars normal, in 
others it only supervenes as part of a great general increase 
of light. It is not limited to any one period of sidereal 
existence. Stars barely condensed from nebulae sometimes 
show bright lines, and the symptom is (as we have seen) apt 
to recur at the advanced stage reached by red stars with 
banded spectra. Only Sirian and solar stars are exempt 
from the tendency; heUum stars are peculiarly liable to it. 
It would thus seem that the stars capable of yielding mixed 
spectra of absorption and emission are those either unfinished 
or verging towards decay, while, during the intermediate 
epochs of vigorous maturity, absorption is alone effective. 
The term " gaseous,*' however, should be reserved for inchoate 
orbs. Those giving bright lines are probably distended 
far beyond the solar proportion of size to mass; and their 
spectra bear the distinctive marks of helium, frequently of 
cosmic hydrogen, and not rarely of oxygen and nitrogen. 

58 
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They have the further distinction of showiQg the ordinary 
hydrogen-series — the Huggins-series — in daplicate, a bright 
line being coupled with, or superposed upon, a dark one of 
identical origin ;. and the rule first adverted to by Professor 
Campbell^ is invariable that, under these circumstances, 
absorption becomes stronger, and emission feebler with 
diminution of wave-length. The brightest lines, in other 
words, are the least refrangible. Alcyone in the Pleiades is 
an example. In this star one solitary ray is vivid, and it is 
the fdndamental C (Ha), which glows crimson beside a dark 
companion. Pleione in the same group, on the other hand, 
and many stars besides, exhibit the direct radiance of several 
members of the hydrogen-series; but that of C always pre- 
dominatea Similarly in the various helium-series, the stress 
of brightness is inevitably laid upon the lowest of their 
constituent line& But to make this apparent, the series 
must be sorted out ; for the rule applies to each individually. 
An analogous order of progression was subsequently found by 
Professor Hale to regulate the reversal of lines in metallic 
spectra.^ As the vapours rendered incandescent by the 
electric spark taken under water became more and more 
self-absorptive, he perceived that the lines progressively 
darkened descended the scale of refrangibility with approxi- 
mate steadines& That is to say, the rays most persistently 
bright were those of greatest wave-lengths. Here, undoubtedly, 
we hold a clue to the physical state of emissive stars, but 
one, unfortunately, by no means easy to follow up. 

The first specimen of a gaseous star was made known by 
Father Secchi's discovery, August 19, 1866, of the green line 
(F) of hydrogen conspicuously bright in 7 Cassiopeiae,' the 
middle star of five of the second and third magnitudes 
grouped into the shape of a W on the opposite side (i the 
pole from the Great Bear. Soon afterwards the same peculi- 
arity revealed itself in ff Lyrse, the emission being discerned 
in it as well as in 7 Cassiopeise of three rays of hydrogen 
and one of helium. But these do not always present the 
same appearance. As early as 1872 Yogel was struck with 

* Astrcph. Journal, vol. ii. p. 181. 

* Ibid, vol. XV. p. 227. 

' Sugli Sp$tiri Pritmaiici MU SUlU Fitse, Mem. i. p. 10, Mem. ii. p. 62. 
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their apparently unaccountable caprices of visibility;^ and 
M. Yon (jotbard watched vainly during two years before he 
caught sight in 7 Cassiopeise of the crimson twinkling of 
C in parUcvlarly unfavourahU weather, August 13, 1883.* 
His subsequent observations, and those of M. von Konkoly,' 
fully established the occurrence, in both stars, of remarkable 
spectral fluctuations, which have since been studied, with 
attentive curiosity, in widely separated parts of the world. 

The result has been to establish their reality, but strongly 
to discriminate between the modes of their occurrence in the 
two objects. They are periodical in fi Lyrse, and their 
period is that of the star's light-change. The flickering of 
bright lines in its spectrum, accordingly, depends in some way 
upon the rise and decline of its visual luminosity.^ But the 
white radiance of 7 Cassiopeise, although including variable 
elements, is, in its sum-total, perfectly steady. Since the 
advent of spectrography, fluctuations in the hydrogen -lines 
have ceased to be apparent ; but then C, which lies below the 
range of the sensitive plate, has scarcely of late been looked 
for. And C was precisely the line most noted, in the days of 
visual observation, for capricious shining. This property is 
unmistakable in the yellow helium-ray (D^; the sodium- 
absorption near it is also apt to become effaced; and the 
green and blue magnesium lines appear, with unaccountable 
alternations, bright and obscura Nor is it at present known 
whether these sundry changes proceed in concert, or each on 
its own account. 

The spectrum of /a Centauri, which closely resembles that 
of 7 Cassiopeia, is represented, from a photograph taken at 
Arequipa, February 8, 1897, in Plate III., Fig. 3. The 
brilliant line to the right is Kfi (F); but the dusky edges, 
faintly perceived to fringe it on the original negative, are 
swallowed up, in the print, by the general gloom due to the 
idiosyncrasy of the plate. The lustre of H7 is, however, 
strongly relieved by corresponding absorption, and H8 dis- 
plays merely a thread of light dividing a profoundly dark 
band. Two clean cut, black lines to the right of H7 

1 Bothkamp BeobaMungen, Heft iL p. 29. * Astr. JVoc^ Nos. 2581, 2689. 
' Observatory, yol. vi. p. 882 ; QyaUa BeoboMwigen, voL viii. p. 5. 
* See Chapter XXI. of Prohlenis in Astropliysies by the present writer. 
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originate from helium ; and there is room for further research 
in the identification of manj additional rays, both bright 
and dark, in this beautiful spectrum.^ Professor Campbell, 
in 1894, observed in it the crimson shining of C. No 
suspicion of yariabilitj attaches to the star. 

A star-disc is rendered through distance immeasurably 
small. It has no longer diversified parts. The light from 
all is blended indiscriminately into the radiance of a single 
point. Hence, Dr. Scheiner argued, the mere increase of 
atmospheric extent, apart from any increase of atmospheric 
emissive intensity, would give overweening effectiveness to the 
bright-line ingredient,^ an insignificant proportion of which 
is present in the luminous sheaf sent out by ordinary stars.^ 
Experience has, however, virtually n^atived this view. The 
phenomena of spectral variability are entirely irreconcilable 
with it. And, in one form or another, they prove to be 
widely diffused. But the absurdity is patent of invoking 
fluctuations in atmospheric compass to account for them. 
The gaseous surroundings of stars may conceivably be subject 
to changes of luminosity; but the hypothesis of their ex- 
pansion and contraction with the rapidity, and to the vast 
extent required, is plainly inadmissible. Moreover, the 
diversity of conditions under which bright Unes are perceived 
to originate, their complex reversals, their peculiar individu- 
alities, intimate the working of profound physical agencies, 
and repudiate any single formula of explanation incapable of 
adaptation to the lavish variety of nature. 

Dr. Schuster proposed, in 1903, a theory in some respects 
preferable to Scheiner's. Both speculators alike sought to 
evade the direct consequence of Kirchhoff's Law, according to 
which, " a layer of gas in front of a radiating surface can only 
give bright Unes if its temperature be higher than that of the 
radiating surface " ; ' a state of things not easily to be supposed 
existent in stellar or solar atmospheres. A new expedient 
was accordingly resorted to by Dr. Schuster. He showed 
that bright lines might be produced by the dispersion of light 
in layers of incandescant vapours overlaying a hotter radi- 

^ Gf. Lockyer and Bazendall, MorUh. Notices, April 1905, App. No. 2. 

* Scheiner, Die SpeUralanalyse der OesUme, p. 276. 

" ObservcUoryf vol. xxvi. p. 879. 
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ating surface. His reasoning is* no doubt correct, and we 
have here a "true cause/' although scarcelj one that is 
sufficient for the part assigned to it. Its inadequacy becomes 
patent when we consider that its action is at a mim'Tnnm 
just where the effects attributed to it are most conspicuous. 
The scattering power of pure gases must be very small 
compared with that of the yapours, say, of carbon, silicon, or 
titanium. Yet the bright lines in stellar spectra are chiefly 
those of the tenuous and translucent gases, hydrogen and 
helium. The rationale is thus unconvincing. 

Another, designed expressly to meet the case of temporary 
stars, has been advanced by M. Ebert.^ It is based upon the 
principle of " anomalous refiraction," by which light subtracted, 
through a special action of the refiracting medium, from one 
narrow section of the spectrum, goes to reinforce the adjacent 
strip, a show of paired bright and dark lines appearing as the 
result But here, again, the actual phenomena seem recalci- 
trant. Hydrogen smd helium are among the least refractive of 
substance& They are eminently unlikely to act on transmitted 
radiance in the forcible manner demanded by M. Ebert's theory. 

The stellar class, of which 7 Gassiopeise is typical, has 
now upwards of fifty known representatives, most of them 
having been detected by Mrs. Fleming on the Harvard 
spectrographic plates. Among them are the noted ez- 
vaxiables, at present shining with an uniform, unpretentious 
lustre, 1; Carina and P Cygni. The spectrum of the former 
object was found by Sir David Gill to bear a strong re- 
semblance to that of Nova AurigsB;^ and F Oygni is 
similarly characterised. The permanence in both of spectral 
relations transient in new stars has an import which can 
hardly be over-emphasised. 

The so-called Wolf-Bayet species of gaseous stars, although 
cognate with the helium variety, stands well apart from 
them. Hydrogen and helium rays are, in their spectra, of 
subordinate importance. They are mainly distinguished by 
certain vivid bands in the yellow and blue, some of them 
due to cosmic hydrogen, others of untraced origin. 

^ Astr. Jiach. No. 3917. 

^ Mawthly Notices, vol. Ixi. p. 466. See also A. J. Gannon, Harvard 
Ajvnali, vol. xxyiii. part ii. p. 175. 
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The finest specimen of the class is invisible in these 
latitudes. First detected by Bespighi at Madras, December 
24, 1871,^ the peculiarities in the light of y Velorum were 
studied with some care and much delight at the '* extiaordinary 
beauty" of the spectacle they present, by Dr. Gopeland at 
Puno in the Andes, April 24, 1883.^ "An intensely bright 
line in the blue," he remarked, '' and the gorgeous group of 
three bright lines in the yellow and orange, render the spec- 
trum" of this star '^ incomparably the most brilliant and 
striking in the whole heavena" There is no sign that it is 
in any d^ree variable. Its appearance to the present writer, 
at the Cape, in October 1888, tallied precisely with Dr. 
Copeland's description, only that the additional feature of a 
deep band of absorption below the cobalt line seemed unmis- 
takable.' A vivid continuous spectnmi extends into the 
violet as fiEur as the eye has power to follow it, and accounts 
for the brilliant whiteness of the star. The difbseness of 
radiation in this splendid object is an obstacle to its effective 
spectrographic treatment A fair idea of its character can, 
however, be gathered from Plate III., Fig. 4, which reproduces, 
by the courtesy of Professor Pickering, a photograph taken 
at Arequipa with 99 minutes' exposure, April 28, 1897. 
It does not extend to the lower tract illuminated by the 
golden and citron rays. The spectrum begins on the right 
with the double or triple azure bands distinctive of this 
stellar type. The less refrangible (X 4688) occupies a 
remarkable position. It is that theoretically assigned by 
Bydberg in 1897 to the one member accessible to view of the 
** principal series" of hydrogen. By analogy it should 'be 
there, and it i& This azure band seems to be an unfailing 
adjunct to the Pickering series, which it imitates as well by 
refusing to be evoked in the laboratory. Professor Campbell 
was surprised, in 1893, to find C brilliant in the spectrum 
of 7 Velorum, the other hydrogen lines being dark.* They 
are nevertheless perceived photographically as projected on 
bright bands, an arrangement the inverse of that prevalent in 

^ Comptei Bendus, t Izxiv. p. 616. 

* CopemieuSf vol. iii. p. 206. 

* Obaervatory, vol. xi. p. 480. 

* Publicatiofu AmIt, Pac Soeiety, vol. y. p. 106. 
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gaseous stars of the helium kind.^ Absorption hj oxygen 
was detected by Mr. McGlean amid the emissive splendours of 
the southern luminary; metallic action is probably absent 
throughout the class which it exemplifies. 

Its original members, three small stars in Cygnus, have, 
in the course of thirty-eight years, obtained about one hundred 
associates, largely through the extensive photographic researches 
of Mrs. Fleming. All these are situated in the throng 
of the Milky Way, or of the Magellanic Clouds; and all, 
except 7 Yelorum, are insignificant when casually regarded 
None are known to vary in light; in none, so far, has any spectral 
change been recorded. Individual diversities, however, abound. 
Lines dark in one specimen may be bright in another ; bands 
are more or less hazy ; the blue effluences differ from star to 
star in relative strength ; hydrogen and helium lines are now 
prominent, then again of quite subordinate importance. One 
such star was discovered by Campbell to possess a vast 
hydrogen-envelope, indicated as existent only by the sensible 
length of the green ray originating from its glow. Perhaps 
some of its fellows have similar, if less conspicuous appurten- 
ances ; though none of them are, in the proper sense, nebulous, 
since they give sharp images, telescopically and photo- 
graphically. 

Yet, in the Wolf-Eayet stars, we have undoubtedly reached 
the borderland between the two great sidereal kingdoms, 
where definitions cease to be valid, distinctions become in- 
secure, and nondescript characters perplex classification. 
Between gatseous stars and stellar nebulae there is but a 
narrow gap. Individuals of both species present the telescopic 
appearance of small stars ; and they disclose, when a prism 
is applied, analogous peculiarities — analogous, not identical 
The light of a gaseous star so examined is ordinarily concen- 
trated in two points, or where a cylindrical lens is employed 
in two short lines, yellow and blue respectively; that of a 
stellar nebula gathers into one green knot. Its rays are, in a 
sense, incapable of analysis; they are so nearly monochromatic 
that they can be refracted without being dispersed. Objects 
of this nature can be picked out at a glance from ordinary 
stars by Professor Pickering's method of " sweeping " with a 

^ A. J. Cannon, ffarvard AnnalSf voL xzyiii. p. 247. 
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small direct-yision spectroscope used as an eye-piece.* Above 
a scoie of them were in this manner found previously to 
1890, and many more subsequently by photographic means ; 
and it is remarkable that the exclusive preference for the 
Milky Way of gaseous stars is shared by stellar nebulae. 

The green ray of the latter is the characteristic token 
of gaseous nebulae. From the great Orion '' portent " to the 
faintest "planetary," all without exception show it; and in 
many it appears at first sight so predominant as virtually to 
stand alone. But its origin remains an enigma. In position 
it is almost coincident with an important line of nitrogen. A 
trifling divergence, however, shows them to be certainly dis- 
tinct. Nor can it be identified, as Sir Norman Lockyer 
thought it might, with the sharp edge of a fluting emitted by 
magnesium burning at about the temperature of the Bunsen 
flam&^ The supposed agreement was made the corner-stone 
of the meteoritic hypothesis of nebular constitution ; ^ but it 
fedled to obtain ratification by precise inquiry. 

Careful measurements by Sir William and Lady Huggins,^ 
and by the late Professor Keeler, showed the fundamental 
meteoric and nebular lines to stand very slightly apart in the 
spectrum. But spectroscopic agreements must be absolute if 
they are to be reckoned significant. Moreover, the nebular 
line is sharp; and even the thinnest renmant of a fluting 
should have an attachment of unilateral haze. 

Nebular radiance cannot then, it seems, be imitated in the 
laboratory. Possibly it signalises a modification of matter 
arising only under extra-terrestrial conditions. " Nebulium," 
as the hypothetical element is called, has been vainly sought 
amongst the mixed leavings infinitesimally separated from 
common air by intense refrigeration, under favour of their 
unequal boiling-points ; no mineral, however scarce, has been 
discovered to occlude it ; no volcanic vent exhales it. Yet it 
fills whole tracts of galactic space. Must we then admit, 
after all, that there is a chemistry transcending text-books ? 
It may be so ; but to abandon the grand ideal of an universal 

^ Pickering, Ob$erwUory, vols. iv. p. 81 ; ▼. p. 294 ; Astr* Nach. No. 2517 ; 
Gopeland, JfonMy Notices, vol. xIy. p. 91. 
• Proe. B. Society, vol. xliiL pp. 124, 127. 
» IhitL YoL xlir. p. 2. * Ibid. yoL xIyI. p. 48. 

5 
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physical science because of a few outstanding incongruities 
would be to listen half-heartedly to counsels of impatience. 
Stellar nebulae, so far as can be judged, are excessively remote, 
voluminous, faintly glowing bodies. The condensed or nuclear 
portions probably included in them give but slight signs 
of incandescence ; spectroscopically (whatever they may be 
physically) they axe mere spheres of glimmering gas. Now 
planetary nebulae (so called by Sir William Herschel because 
they exhibit a planet-like disc) scarcely differ intrinsically 
from the stellar sort, but they either are, or owing to their 
greater vicinity, appear larger and brighter, and hence offer 
better facilities for the analysis of their light 

It is found to consist mainly of three rays composing the 
fundamental spectrum of all gaseous nebulae. Of these, the 
lowest, of wave-length 5007, is invariably the strongest, and 
accordingly survives alone in such a dearth of light as that 
created by the combined distance and faintness of the mono- 
chromatic discs or points detected by Professor Pickering's 
method. 

The nebular trio of lines, since they lie adjacent to each 
other in the middle or green part of the spectrum, inevitably 
give a resultant green or bluish colour to the objects they 
characterisa The intermediate ray at X 4959, as well as 
the chief ray, is plausibly connected with nebulium since it 
preserves in each individual nebula the same relative intensity. 
The third or most refrangible line, on the contrary, is inde- 
pendently faint or bright It is no other than the familiar 
F (H^); and the undoubted and unfailing presence of 
hydrogen betokened by it in these formations constitutes one 
of the very few links as yet recognised between nebular and 
terrestrial chemistry. From the former metallic elements are 
excluded; they are, in nebulae, either non-existent or non- 
apparent And we recall that stars supposed on other grounds 
to be in a primitive condition are just those in which metal- 
loids tend spectroscopically to suppress metals. 

Modem appliances, spectroscopic and spectrographic, have 
enriched the nebular spectrum with some three dozen extra 
lines, mostly in the ultra-violet. Some of those derived from 
planetary nebulae agree with lines bright in Wolf-Eayet stars, 
notably with the fundamental member of the Pickering series. 
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and with the Bydberg blue band.^ Occasionallj, a glint of 
led hydrogen is seen; eight of its more refrangible com- 
panions have been measured; and helium is represented by 
a somewhat arbitrary selection from its various series. 

The spectrum of the great Fish-mouth nebula in Orion 
was first adequately studied by Sir William and Lady Huggins 
from 1882 onwards. Its hydrogen-ingredient is in the peculiar 
condition denoted by its emission of the higher members of 
the Huggins series, C being imperceptible. The yellow ray 
of helium was detected by Dr. Copeland, December 28, 1886 ;* 
and he remarked '* some indications of resolvability into lines 
or bands " in the dim prismatic background upon which the 
central group of rays in this spectrum are relieved. The 
opinion further expressed by Sir William and Lady Huggins 
that the £sdnt continuous spectrum visible in most gaseous 
nebulae might, were more light available, " be found to consist, 
in great part at least, of closely adjacent bright lines " ^ has 
been strongly confirmed by recent Lick spectrograms taken 
with the Crossley reflector, exhibiting teU-tale breaks and 
symptoms of overlap in the hazy radiance previously assumed 
to be of " white," or unbroken quality.* On a plate exposed 
at Tulse Hill in 1882, an intense ultra-violet ray of wave- 
length 3727 was recorded,^ and it has proved to be almost as 
marked a feature of the nebular spectrum as the ''chief" line 
itself; nor can it be an emission of nebuUum, since its 
intensity varies disparately from that of the green lines.^ It 
is singularly prominent in the Bing nebula in Lyra. 

A gaseous nature was suggested for the four bright stars 
grouped into a " trapezium " at the core of the Orion nebula 
by an abnormal photograph taken by Sir William and Lady 
Huggins, February 5, 1888.^ Several years later,^ they per- 
ceived the hydrogen-lines to be not only arranged in bright and 

^ Copeland, CopemiciUy voL i. p. 2. The original '*fonr-line" planetaries 
are numbered in Dreyer's New General Catalogue, 7062, 7026, and 7027. The 
two last belong to a singular group of allied gaseous objects in Cygnus. 

' Mimthly Notices, vol. xlyiiL p. 860. 

* Proc M. Society, vol. xlvi p. 60. 

* Lick BvXUUny No. 85. 

* Report BrU. Aasoeiation, 1882. 

* Astroph* JownuU, voL zzi p. 898 (Hartmann). 
' Proc Boy, Society, vol. xlvi p. 40. 

* AstrcpK Jowmal, vol. vi. p. 822. 
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dark pairs, but to undergo shiftings defined hj ProfeBsors 
Frost and Adams ^ as periodic in the chief member of the 
group, and dependent upon rapid orbital circulation. These 
stars are of the early helium variety ; they show absorption by 
oxygen' and cosmic hydrogen; and it is an open question 
whether the bright lines crossing their spectra may not be 
derived from the folds of nebulous matter enwrapping them. 

Local variations in the spectrum of the Orion nebula are 
most likely to subsist It can hardly be supposed that so vast 
and so agitated a formation can be throughout of uniform 
composition. Professor Campbell, accordingly, found in 1893 
that the relative intensities of the three Ihies, '' which con- 
stitute nearly the whole of the visible spectrum, vary within 
wide limits as the slit of the spectroscope is moved over the 
different parts of the nebula." • That is to say, the two first 
lines, while preserving to each other a constant ratio, fluctuate 
largely by comparison with the third or hydrogen-line. In 
some sections of the nebulous structure, in fact, the hydrogen 
appears at least five times stronger than the nebulium-ray, 
although near the trapezium it is four times fainter. 
Hydrogen-light, in conjunction with the unidentified ultra- 
violet emanation, thus tends to become predominant with the 
decline of illuminative power, whence the conclusion may 
reasonably be drawn that the nebula verges more and more, 
with the increase of tenuity upward and outward, towards an 
almost purely hydrogenous composition. 

And this serves to remind us that the spectra of the great 
nebulas, like those of "zoned" stars, must be considered as 
integrating the results of emissions taking their rise under 
notably diverse circumstances. Innumerable strata of nebu- 
lous matter are piled one upon the other in the same Hne of 
sight. The eye is impotent to discriminate between them; 
even the spectroscope can do so only indirectly. For, at the 
centre of the nebula, the lines coming from all its depths are 
seen or photographed together ; their difTerent places of origin 

^ Astrqph, Journal, toL xiz. p. 153. 

> McClean, Phil. Trans. yoL ozci. p. 128. 

» Publ. Astr. Fae. Society, voL v. p. 206 ; Astr. Naeh. No. 3471 ; cf. 
Runge on the physiological yariations of brightness dne to difference of coloar, 
Ai^oph. Jown. yoL yiii. p. 82. 
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are unnoticed. light, on the other hand, taken from near 
the edges of the same object, emanates ezclusiyelj from its 
higher regions, and its characteristic pectdiarities may safely 
be localised. The possibility then seems at hand of dividing 
in this way the Orion nebula and others of the same class 
into various spectroscopic levels, distinguished by minor 
radiative difiTerences. The helium- Unes, for example, may 
prove separable from the hydrogen - lines ; and it would be 
especially interesting to ascertain whether the three hydrogen 
series change their relative intensities with remoteness from 
the trapezium. The differing conditions along the same line 
of sight must also hamper attempts to determine the internal 
movements of the nebula by the displacements or distortions 
of its spectral rays. For there must be a wide discordance in 
these effects at the heights and hollows projected together by 
perspective. Opposite motions might be progressing in the 
sundry regions conjointly inspected ; and the upshot would 
be an ambiguous blurring of linea Such a possibility 
must be taken into account in estimating the value of some 
promising experiments of this nature made by Drs. Yogel and 
Eberhaid at Potsdam in 1902.^ They hinted at tumultuous 
flows, or eddies, more probably than at a general rotation. 
But Tintil they have been repeated and confirmed, it would 
be vain to speculate upon what they seem to communicate. 

Only the species designated as stellar, planetary, annular, 
and irregular nebube give unmistakable signs of gaseity. 
Some five or six score have, up to the present, been recorded 
to do so ; while several hundreds, and presumably the majority 
of those unobserved, shine with continuous light. Yet the 
distinction is perhaps less profound than it seems. The gap 
is at any rate partially bridged. One connecting link 
seems to be supplied by the great " looped nebula " in the 
southern constellation of Dorado, observed by Mr. C. K 
Burton^ in 1874 to yield a strongly continuous spectrum 
crossed by the unfailing green nebular ray at 5007. Its 
gaseous nature is thus shown to be modified by the presence 
of an imusually large proportion of dense material, and where 
this predominates, as in the Andromeda nebula, the spectrum, 

^ 8Uzwig9heriehte, Berlin, March 18, 1902. 
* Manihly Noiiees, toL zzzri. p. 69. See 47th Harvard Bepcrt, p. 7, 1892. 
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though nominally "continuous/' is still markedly different 
from the continuous spectrum of a star. 

The light of this "queen of the nebul»/' prismatically 
dispersed for the first time by Sir William Huggins in 1864, 
struck him as far from uniform ; it seemed mottled throughout, 
whether by the effects of absorption or of irregular emission, 
it was impossible to decide.^ Becent observations at Tulse 
Hill point to the existence in this spectrum of various bright 
lines or spaces intermixed with traits of absorption.^ Dr. 
Scheiner performed in 1899 the difficult feat of spectrograph- 
ing the object, which he inferred, from the faint indications 
on his plate, to be a cluster of solar stars.' The truth of 
the matter remains still hidden ; but there are signs that it 
can before long be elicited. In the investigation of the dis- 
tinctive peculiarities of continuous nebular light, a field 
lies open which can hardly fail to be worked with profit to 
the rapidly advancing science of cosmical physics. 

* Phil, Trans, voL cliv. p. 441. 

> Atku ofSteUar Spectra, p. 126. 

» Astr, Nach, No. 8649. 
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CHAPTEE VI 

THE TEMPEBiLTITRES OF THE STABS 

What we mean hj the temperature of a star is the degree ^of 
heat corresponding, on admitted principles, to the radiations it 
sends abroad into space. That is to say, the point at which 
an ideal thermometer would stand if placed within the 
photosphere, asaumed for the purpose of simplification to be 
effectively a single emitting surface. Now, the temperature 
of the sun, understood in this sense, has been fairly well 
ascertained. It ia held by the latest authorities not greatly 
to exceed 6000'' C, while that of the electric arc, determined 
by similar methods, comes up to 4000*.^ Thus, the gap 
dividing the heat of the solar furnace from the ne plus vltra 
of the laboratory has been greatly narrowed. It no longer 
seems hopeless to establish some degree of continuity between 
the state of things on either side of it. Nevertheless, there 
are qualifications to be taken into account. Conclusions 
r^arding the sun's temperature depend essentially upon two 
conditions : first, that the photosphere is what is technically 
knovm as a "black body"; next, that "Stefan's law" of 
radiation holds good over a range some thousands of degrees 
beyond the limit of experimental verification. Now, a " black 
body " is one that absorbs completely, and, through an inevit- 
able correlation, emits perfectly. It radiates in the strict and 
due proportion of the heat communicated to it. But there is 
no such substance in nature; even lamp-black meets very 
imperfectly the stipulated requirements. They have of late, 
however, been imitated by an experimental artifice ; ^ and the 

^ Day and Ontrand, Astroph. Journal, vol. xix. p. 40. 
* Wien and Lnmmer, fFiedemantt*8 AwnaUn, Bd. Ivi. p. 46S, 1895. 
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facilities for investigation thus acquired prove of high value. 
Yet the laws of radiation securely established with their aid 
are, in all probability, conformed to only approximately by 
the sun. For the photosphere is certainly not, strictly speak- 
ing, a " black body." 

Stefan's law defines the rate at which increase of radiative 
intensity corresponds with growing temperature. It is as the 
fourth power ; a body rendered, for instance, twice as hot will 
radiate sixteen times more powerfully than before. Nor is 
this a purely empirical rule. Boltzmann brought thermo- 
dynamical considerations to its support in 1884, and Planck 
deduced it in 1900 from the electro-magnetic theory of light.^ 
Still, it may break down before the solar temperature is 
reached. Its validity, experimentally ascertained up to near 
1200^ cannot be confidently relied upon at indefinitely 
exalted temperatures. Such laws of nature have usually a 
limited field of action, and we do not know where to fix its 
boundaries. This element of uncertainty affects many other- 
wise well-grounded conclusions. Nevertheless, high tempera- 
ture research has made substantial progress; and much has 
been done in removing the difficulties which long stood in the 
way of establishing a trustworthy relation between the heat 
received from the sun and the sun's proper heat. 

But as regards the stars the case is widely different. 
Direct modes of procedure are here excluded. We cannot 
determine stellar heat-constants, and thence infer stellar 
temperatures. This is rendered impossible by the funda- 
mental circumstance that the heat reaching the earth from 
the stars is all but insensible. The rays of the '^ wan, cold 
moon" have a thermal power more than 150,000 times 
greater than that of the rays of Arcturus,' and Arcturus 
is, judging by the crude standard of direct heating effects, the 
hottest star of our acquaintance. No wonder, then, that 
quantities so minute failed to be elicited with the thermopile. 
Sir William Huggins made persistent experiments on the 
subject nearly forty years ago,* and Dr. Stone * a little later. 

^ Mendenhall and Sannden, Astraph, Jour%> vol. ziu. p. 30. 

^ Nichols, Astroph. Joum. vol. xiiL p. 102. 

' Proe, Royal Society, toL xvii p. 309. 

* Ibid, voL xviii. p. 169. 
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Edison tried his tasimdter in 1878, Boys his radiometer in 
1888;* both vainly. At last, in 1895, Professor Minchin 
succeeded in converting stellar energy into electromotive 
foroe;^ yet his results, though genuine, were not wholly 
legitimate, owing to the strong selective preferences of the 
sensitive cells.' Those, on the other hand, obtained by Pro- 
fessor Nichols at the Terkes observatory in 1900 were of 
unequivocal significance. The beams to be examined, after 
being concentrated by a two-foot mirror, fell upon the vanes 
of a radiometer so delicately impressionable as to detect 
temperature-differences not exceeding one ten-millionth of a 
degree centigrade. Sesponsive deflections were, accordingly, 
registered, undoubtedly due to radiated stellar energy; and 
they varied from star to star, those caused by Arcturus being 
more than twice as large as those which the white rays of 
Y^;a had power to produce.^ 

The outcome is in many ways hopefuL Not that the 
remotest prospect can be discerned of arriving, by this straight- 
forward route, at the absolute temperatures of the stars ; but 
that it opens a way by which, with much further care and 
study, some knowledge of their relative temperatures may 
be gained. And even in this direction progress is seriously 
hampered by diversities of absorption in stellar atmospheres. 
We know by everyday experience that a glowing object 
changes frt>m red to white as it grows hotter. So likewise 
with the stars. The larger the proportion of light to obscure 
het^t in their radiations, the higher their temperatures must 
be. But we do not see the stars as they are in themselves. 
Their faces are veiled by absorptive envelopes, and far more 
closely veiled in some cases than in othera Moreover, the 
effect of absorption in the bodies strongly affected by it is to 
modify very materially the relation of luminosity to thermal 
intensity in the emissions they send out. The upper sections 
of the spectrum are those chiefly encroached upon ; the stars 
are rendered fulvous, and reduced to a lower grade of photo- 
metric magnitude than should be assigned to them if their 

^ Ptoc Royal Society, vol. zlvii, p. 480. 

* Ibid, Yol. iTiii. p. 142. 

* KioholB, Aitroph, Joum, vol. ziiL p. 163. 

« Ibid. p. 186. 
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intrinsic brilliancy were fully displayed. Kow, Axcturus is a 
solar star of a reddish tinge ; its blue rajs pay heavy toll in 
traversing its photospheric envelope. Not so those of Yega, 
which escape virtually scot-free to the open. It follows that 
comparisons between them ^re made on unfair terma If they 
were equalised, Arcturus would seem much more brilliant than 
it does now, and the proportion of its heat to its light would 
be redressed. And it is the proportion only, we repeat, which 
is significant as regards temperature. Professor Nichols's 
result implies, on the face of it, that Arcturus stands at a 
lower heat-level than Vega, because, although its radiations 
contain absolutely more heat, they correspond to a less 
intense degree of incandescenoa But no such deduction is 
admissible in view of the disparity of conditiona Nor is it 
possible to define the extent of the correction required. So 
far, then, the relative temperature of the two stars remains an 
open question. 

Professor Nichols himself regards his attack upon the 
problem of stellar heat as little more than a reconnaissance 
by which it has been learned that the position is not im- 
pregnable. With more powerful means at command, he hopes 
to achieve its capture. By placing his radiometer at the 
focus of a five-foot mirror, he believes it should be possible to 
arrange white stars to the second, and red stars to the third 
magnitude, "in the order of the thermal intensity of their 
radiations." That fainter red than white stars must, owing 
to the quality of their self-absorption, be thus measurable has 
been suflBiciently illustrated by the case of Arcturus. Just for 
this reason, however, no instructive comparisons can be insti- 
tuted between stars with notably different atmospheric sur- 
rounding& The use of an identical platform of investigation 
for disparate objects can only lead to illusion. But by ranging 
white and red stars in separate series, and bringing solar stars 
into relation with the sun, much may be accomplished. There 
is no surer criterion of temperature than the distribution of 
energy in the spectrum. As it rises, the culminating point in 
the representative curve shifts steadily upward to ' shorter 
wave-lengths. Hence, by locating the maxima of emission 
from glowing bodies, their temperatures can be ascertained; 
and this Professor Nichols hopes to accomplish for the stars. 
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It will be a matter of excessiYe delicacj; but, apart from 
instrumental difficulties, the method seems promising. Not 
that the essential incompatibilities of state between the 
different spectral classes can be abolished by its means ; but 
yarieties of white stars might be examined together, while 
solar stars could advantageously be assimilated to the sun. 
Thus, Gapella gives a spectrum almost indistinguishable from 
the Fraunhofer spectrum save through the slight discrepancies 
occasioned hj the differing light-quality of its spectroscopic 
companion. It is, however, an enormously larger and more 
luminous globe than our sun ; and it would be of crucial import- 
ance to determine whether its vaster scale corresponds to a 
higher d^ree of heat. Again, Sir Norman Lockyer finds the 
ultra-violet spectrum of Bigel to be more extensive and intense 
than that of Sinus, and to be in turn surpassed, allowance 
being made for the lower magnitude of the star, by that of k 
Orionis.^ If these diversities can be securely associated with 
gradations of temperature, much would be made clear as 
regards the course of stellar development. And Professor 
Nichols's method of spectral energy-measurement promises, 
if efTectively realised, to afford just the needed verification. 

Speculations concerning relative star-heat have heretofore 
been based chiefly upon the study of specific linear absorption. 
But the observed iudications refer immediately to the state of 
things prevailing in the reversing layers of the stars, and only 
indirectly to the condition of their photospheres. Moreover, 
their interpretation is, unfortunately, still a subject of debate. 
Indeed, it is more actively in debate than ever before ; for, as 
the importance of reading their meaning aright has come to 
be more fully recogmsed, the pitfalls laid for their would-be 
decipherers have also become more evident and formidable. 

It has long been known that the rays emitted by glowing 
gaseous substances alter with alterations in the mode of kind- 
ling them to luminosity. Thus, metals rendered incandescent 
in the electric arc give out conspicuously bright lines that 
show quite dimly when the same metals are burned in a flame ; 
and similarly, lines subordinate in the arc develop into pro- 
minence through the excitement of the disruptive discharge 
in the electric spark. These progressive changes were, until 

1 Proe, Boyal Society, Feb. 18, 1904. 
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lately, ascribed by general, though not univeraal consent, to 
increasing temperature, the spark being, it was supposed, 
hotter than the arc, and the arc hotter than the flame. 
Adopting this view, Sir Norman Lockyer gave special 
attention to "enhanced" lines, and pointed ont the 
remarkable circumstance of their sdective display in the 
q[)ectra of certain classes of stars.^ It is undeniable that the 
brightest lines in the spark-spectra of the chemical elements 
are also highly characteristic of white, and more especially of 
helium stars; that arc-lines to a certain extent supersede 
them in solar stars ; while in red stars with banded spectra, 
even flame-lines take a position of importance. And the 
assumption that from these modifications trustworthy informa- 
tion could be derived regarding the comparative temperatures 
of the stars in which they were observed, lay ready at hand, 
yet proved misleading. So early as 1888, Professors liveing 
and Dewar were led by their experiments on the spectrum of 
magnesium to throw doubt on the received opinion that the 
electric spark ia, in the literal sense, hotter than the arc' 
Sir William and Lady Huggins demonstrated in 1897 * that 
the calcium-lines, H and K, owe their preponderance in the 
sun not to extreme heat, but mainly to the inconceivable 
rarity of the emitting vapour, and they illustrated in 1903,^ 
by photographs of the magnesium-spectrum, the sensitiveness 
of radiation to changes in the mode of electrical excitation. 
The spark-discharge is oscillatory ; the released energy rushes 
with amazing velocity to and fro across the gap. But in the arc 
it assumes the character of a continuous flow ; means of trans- 
port are avsdlable ; it does not need to force a passage. That 
the ultimate particles of matter acted upon must respond very 
differently in each case is then easily understood. A final 
overthrow was given to the older opinion when MM. Eberhaid 
and Hartmann of Potsdam pronounced,* after laborious investi- 
gations, the spark-spectrum to originate, not from thermal 
radiation, but from " electrical luminescence." 

The word is of subversive import Its introduction by 

^ Proe. Mayal Society, vols. Ixi. p. 441 ; Lev. p. 452. 

» Ibid. vol. xliv. p. 241. 

* Ibid. ToL bri. p. 488 ; Atlcu of Stellar Spectra, p. 91. 

* Astroph. Joum. vol. zvii. p. 145. 

B Sii7fwnq$ber%ehUy Berlin, Feb. 26, 1908. 
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Wiedemann in 1894 ^ to signify light without heat, or light 
in excess of temperature, licensed the adoption into orthodox 
physical science of certain new ideas which had long been 
gradually creeping to the front. They allow a wide latitude 
in the explanation of radiative and spectral phenomena. 
Luminescence may be evoked by chemical or electrical action ; 
it may be superadded to ordinary Ught, or appear by itself; 
either a continuous or a discontinuous spectrum may be 
derived from it ; nor is it necessarily correlated with absorp- 
tion. Hence strict reasoning is precluded where there is 
reason to suspect its presence ; for the laws of its production 
as yet evade research. We find, accordingly^ that the spectral 
peculiarities detected in the various classes of stars^ and long 
held to supply sure indications of their thermal rank, avow in the 
laboratory highly complex relations with vapour-density, with 
electrical '' damping/' with chemical processes, with luminescent 
action. We are then thrown back in our search for tests of 
stellar heat-power upon the varied intensity of blue radiation 
from stellar photospheres, allowiog, as best we can, for the 
diflerences in absorption by which it is partially masked. 
One pair of stars — Capella and Yega — thus compared by Sir 
William and Lady Huggins ^ yielded an unlooked-for result. 
The solar orb seemed intrinsically the bliier, and was inferred 
to be the hotter of the two. 

The temperatures of the stars are intimately related to 
their life- history. From the time when they first assume the 
photospheric vesture until, through decrepitude, they cease to 
shine, a constant waste of energy must be going forward in 
them pari passu with contraction. Yet, up to a certain 
point, recuperation, so far as sensible heat is concerned, takes 
the lead of dissipation. Cooling bodies, by a seeming paradox, 
rise in temperature until they cease to be wholly gaseous. The 
law of thermal ascent, enounced by Lane of Washington in 1870, 
applies, however, only to average temperature, while such indica- 
tions as can be gathered by us refer to surface temperature. And 
this depends not so much upon the amount of heat stored in 
each globe as upon the facility with which it can be conveyed 
upward to the scene of action. Hence viscosity, gravity, chemical 

^ Annalm der Phytik, Bd. lir. p. 604. 
' Atlas ofSUUar Spectra^ p. 85. 
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composition, enter into the account as items of unknown value. 
Nor is there any possibility of fixing A priori the point at 
which the external heat*power of a star begins to fall off. 
Too many conditions are involved. The main object of actual 
inquiries is to establish the thermal relations of the varieties 
of stellar spectra. Those of earliest type are non-metallic ; 
they are marked by the absorption or emission of hydrogen, 
helium, oxygen, and nitrogen. Sir Norman Lockyer alleges 
abnormally high temperature as the cause of this unusual 
character. Metals, in his opinion, do not exist in such stars 
because intense heat keeps their primal elements asunder. 
They are dissociated, or perhaps have not yet begun to be 
associated. Nebulae are nevertheless equally non-metallic with 
incipient stars, and it is difficult, if not impossible, to ascribe 
an enormously high temperature to volumes of matter in the 
last degree of attenuation. However this may be, the fact 
can scarcely be gainsaid that metals show more and more 
distinctly in stars as they advance towards maturity, and that 
the first signs of their presence are the lines "enhanced" 
in the laboratory when the spark-discharge replaces the electric 
arc But, as time and condensation go on, the arc-lines gain 
upon their rivals, and in spectra of the solar type leave them 
utterly in the lurch. Finally, in banded spectra strong flame- 
lines emerge ; while throughout the progression, as if to com- 
plicate matters still further, the great violet rays of calcium, 
although eminently characteristic of the oscillatory spark, 
reach their highest development in reddening stars. The 
entire series of changes, nevertheless, is beyond question 
orderly and consequential ; and the obscurity of their origin 
will be in part cleared up should it be found possible to 
connect them with an equally consequential series of tempera- 
ture-change& Yet it must be owned that the trend of present 
inquiries is rather towards establishing for them relations 
with varying modes of electrical illumination than directly 
with gradations of thermal intensity in stellar photospheres or 
their reversing envelopea 

The hope of estimating temperature by locating maxima 
of intensity in discontinuous radiations is probably fallacious. 
Sir George Stokes, already in 1876, held it possible that the 
intenser blue radiation with increase of heat obvious in con- 
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tinuous spectra might extend to spectra composed of separate 
rays — that the intensest line might shorten in wave-length as 
thermal energy was gained bj the emitting vapour.^ And 
M. Langenbach obtained, in 1903, some experimental indica- 
tions of the actnal subsistence of some such relation.^ He 
considers, indeed^ that Professor Campbell's observation of 
the greater strength in the Orion nebula than in vacuum- 
tubes of the more refrangible hydrogen-lines affords proof of 
a difference of temperature which may eventually be measured 
in thermometric degrees. Professor Keeler, too, had inferred 
firom the singular vividness of the green and blue hydrogen 
emanations in all gaseous nebulae " either a high temperature 
of the gases emitting the light, or a state of strong electrical 
excitement" ^ 

The conditions of electrical excitement in heavenly bodies 
cannot as yet be defined. That they are present in some cases 
more fully than in others is, however, virtually certain ; and 
many anomalous appearances will doubtless find an appropriate 
explanation when they come to be interpreted as electrical mani- 
festations. Meantime, we can only reason about what comes 
more or less within the range of tangible acquaintance ; and 
experience is wholly contradictory of the notion that nebulae are 
excessively hot bodies. On the adopted principle they should 
be at least 3000"^ G. hotter than the solar chromosphere, 
in which red hydrogen-light is predominant, while nebular 
hydrogen shines exclusively, it might be said, with green, 
blue, and ultra-violet emissions. Further, in many variable 
stars the leading bright hydrogen line is the dark blue 
H8, C and F (Ha and H^) being equally invisible. This 
relation, if interpreted on the basis of Wien's law of spectral 
eneigy, would lead to the inference of fabulous temperatures as 
prevailing in such stars. It is, however, most improbable that 
Wien's law is really applicable to bright-line spectra. " The 
radiation from gases," we are told on high authority, '' is usually 
wholly or partially luminescent" ^ This means that its calorific 
dependence is slight and secondary. Hence nothing can be 

* Proe, Royal Society ^ vol. xxiv. p. 358. 
' Awnalen der FkyHk, No. 4, 1903. 

• Publ, Lick Observatory, vol. iii. p. 228. 

* Day and Orstrand, Astroph. Joum. vol. zix. p. 31. 



Digitized by CjOOQIC 



80 THE SYSTEM OF THE STAES 

authentically learned from its quality regarding the temperature 
of its source. 

The science of stellar thermotics is, in fact, still in a 
tentative stage. The most assured datum at its command is 
the temperature of the sun, which at least supplies a term of 
comparison for the temperatures of the stars. It is fairly 
certain that the efTective heat of the solar photosphere, measured 
on the thermometric scale, is 6000"" to eSOO"" C. And there 
is some probability that the sun has never been, and will 
never be, much hotter than it is now. But this does not 
imply that none of its compeers exceed it in thermal power. 
Those of greater mass must develop proportionately more heat, 
so that it is quite likely that giant suns of the solar type, 
such as Capella and Arcturus, radiate far more intensely per 
unit of area than our sun, and have photospheres hotter in 
the due ratio of the " fourth power " increase. 

Stars with banded spectra are generally admitted to have 
made a further advance in cooling. Tet, despite the heavy 
losses in total heat incident to protracted radiation, their 
superficied temperatures may have sufiTered only a slight 
dedina The development of flutings in their spectra is not 
decisive on this point. Becent investigations tend to show 
that it is an index, not so much to the degree of excitement 
produced by heat, as to the kind of agitation set up by 
electricity in the originating vapour.^ Kor have we any 
absolute assurance that heat-expenditure proceeds uninter- 
ruptedly. Current hypotheses on the subject possibly need 
revision. Begenerative agencies may, imder given circum- 
stances, be called into play. The many suggestions of 
" radiology " (as the new science of radio-activity might be 
designated) cannot be inconsiderately set aside. They are, 
however, too vaguely conveyed to be profitably discussed 
The cosmical effects of these novel phenomena elude just yet 
our mental grasp. They may prove to be of stupendous 
importance ; to the future is reserved the task of unfolding 
their character and scope. 

^ Trowbridge, Amer, Joum. of Science, rol. iii. p. 117, 1897 ; Hale, JBfiey. 
Brit. Yol. zzxii. p. 779, art Spoctrosoopy ; Pringsheim, Sapparte du Oongr^ 
International de Phyeique, t, ii. p. 108. 
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CHAPTEE VII 

TEMFOBABT STABS 

Thk tactB connected with the light-changes of stars are in the 
highest degree strange and surprising ; and wonder does not 
lessen as familiarity with them grows. They are of everyday 
ooeuzrence ; they can be predicted beforehand, in many cases 
with nearly as close accuracy as an eclipse of the sun or 
moon, and they affect in manifold ways a great number of 
objects. Stellar variability is of every kind and d^ree. 
With the regularity of clockwork some stars lose and regain 
a fixed proportion of their light; others show fitful acces- 
sioBS of luminosity succeeded by equally fitful relapses into 
obscurity; many waver, in appearance lawlessly, about a 
datum-level of lustre itself perhaps slowly rising or sinking. 
The rule of change of a great number is that of an evident, 
though strongly disturbed periodicity; a few seem to 
spend all their powers of shining in one amazing outburst, 
after which they return to their pristine invisibility or 
insignificance. 

The amount is as much diversified as the manner of 
fluctuation. Changes of brightness so minute as almost to 
defy detection are linked on by a succession of graduated 
examples to conflagrations in which emissive intensity is 
multiplied a thousand times or more in a few hours. The 
range of variation is in some stars sensibly uniform; they 
subside during each crisis of change to the same precise point 
of dimness, and recover without subtraction or excess, just so 
much light as they had before. In others it is widely 
irregular. The limits of fluctuation in one period furnish no 

81 6 
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precedent to be conformed to in the next Nothing is pre- 
determined; the intensity of each phase seems to depexid 
upon a complex set of conditions unlikely to recur twice in 
the same precise combination. 

The first effort to regularise the phenomena of variable 
stars was made by Professor E. C. Pickering in 1880.^ His 
five classes, though often enough (as might be expected) can- 
fused at the borders, are still sufficiently distinct to form a 
useful framework for the facta They are as follows : Class I. 
includes temporary or "new" stars; Class II., stars like 
" Mira " Ceti, strikingly variable in periods of several months ; 
Class III., stars subject to irregular fluctuations ; Class IV., 
variables with periods of a few days exemplified by S Cephei 
and fi LjT9d ; Class Y., '' Algol-variables," or stars like Algol 
in Perseus undergoing brief obscurations at fixed intervals. 
We will take each in turn, beginning with the first 

A temporary star may be defined as a variable attaining 
one single, vivid maximum. A swift rise to such a height as 
to constitute a virtually " new " object, followed by a dower 
yet prompt decline, characterise these outbursts, close upon 
thirty of which have been more or less credibly recorded 
within historical timea The genuineness of those stated to 
have occurred in the following years ^ is, in only a very few 
cases, open to caviL 

134 B.C. in Scorpio; the star of Hipparchus. 

123 A.D. in Ophiuchus. 

Dec 10, 173, between a and fi Centauri. Conspicuous; 
scintillated strongly ; visible eight months. 

386 (April to July) between \ and <f> Sagittarii 

389, near a Aquilae, said by Cuspinianus to have equalled 
Venus ; vanished after three weeka 

March 393, in the Tail of the Scorpion. 

827 (?) in Scorpio. Observed during four months at 
Babylon. There is some uncertainty about the date, none 
about the fact. 

May to August 1006, in Scorpio.* Described by Epi- 
damnus, the monk of St. Gs31, as " oculos verberans." 

* Proceedings Amer. Aead, voL xvi. p. 17. 

" See Humboldt's Coemoa. vol. iii p. 209 (Otto's tranaUtion}. 

» Schonfeld, Ab^. Naeh, No. 3084. 
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July 1203, in the Tail of the Scorpion; said to have 
resembled Saturn. 

L 230, in Ophiuchns. 

L572, Tycho's star in Cassiopeia. 

L604, Kepler's star in Ophiuchua 

L670, in Vulpecula. 

L848, in Ophiuchus. 

L860, in Scorpio. 

L 8 66, in Corona Borealis. 

L876, in Cygnus. 

L885, in Andromeda. 

L 88 7, in Perseus; discovered by photography. 

L891, in Auriga. 

L893, in Norma; 

L895, in Carina; 

L895, in Centaurus ; 

L898, in Sagittarius ; 

L899, in Aquila; 

L901, in Perseus. 

L903, in Gremini; found on the Oxford chart-plates. 
Making a total of twenty-seven, besides four or five question- 
able instances mentioned in Chinese annala 

The most noteworthy feature of this list is the curiously 
partial distribution of the objects enumerated in it. All but 
one of them Ue in the thoroughfare of the Milky Way, and 
nine are clustered together in the section of it marked by 
the stars of the Scorpion and the Serpent-tamer. In time 
also the grouping of the apparitions is strikingly unequal. 
The occurrence of three within the seven years 386 to 
393 A.D. was succeeded by a blank of four and a half 
centuries. Kepler's came pretty dose upon Tycho's star ; 
none were recorded between 1670 and 1848 ; then, within 
little more than half a century, seven "Novae" attracted 
visual attention, and six made their marks upon sensitive 
platea 

The brightest sidereal object known to us by authentic 
description was the ''stranger-star" in Cassiopeia, observed 
by Tycho Brahe.^ He first saw it November 11, 1572, but it 

^ Wolf, OesehichU der A$tn)nomit, p. 414 ; Eaiaer, D€ SUmnhemel, Part i 
p. 582 ; liynn. Observatory, vol. zvi. p. 268 ; Dreyer, ibid,, vol. xziy. p. 166. 
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had already been noticed hj Wolfgang Schuler at Wittenberg, 
November 6, and by lindauer at Winterthur, November 7, 
while Maurolycus entered upon its systematic study at Messina, 
November 8. Observed by Tycho to be the rival of Venus, it 
showed to keen eyes at midday, and at night through clouds 
thick enough to obscure every other star. After about three 
weeks, however, it began to fade, and in March 1574 dis- 
appeared finally. Its colour was at first dazzlingly white, then 
for a while ruddy, and from May 1673 onward, pale with a 
livid cast. Bapid scintillation distinguished it throughout.^ 
There is no reason to suppose the outburst other than solitary. 
The appearances in the years 945 and 1264 connected with 
it by a Bohemian astrologer named Cyprian Leowitz ' were 
almost certainly apocryphal.^ 

The " new " star (designated " B Cassiopeiae ") can still be 
perceived smouldering in the spot where it once blazed 
Tycho's measurements, reduced and discussed by Argelander, 
located it within one minute of arc of a reddish, eleventh 
magnitude star, the character of which, as disclosed by the 
observations of Hind and Plummer in 1870-4, and of Safarik, 
1888-90,^ fully warrants the inference of its identity with 
the famous "temporary." Not only is it variable to the 
extent of nearly a magnitude, but it frequently seems hazy 
and ill-defined, as if through some abnormality in the quality 
of its light. 

The star of 1604 ran a parallel course to that of 1572. 
Discovered by Maestlin, October 9, and observed by Gkdileo at 
Padua, October 10, it quickly overtopped Jupiter, but by the 
end of March 1605 had sunk to the third magnitude, and a 
year later vanished. Kepler describes it as " sparkling like a 
diamond with prismatic tints," * but says nothing of progressive 
changes of colour. " Nova Serpentarii," has left behind no 
clearly identifiable representative. 

The next " new star " was discovered near fi Cygni on June 

* Tyoho, De NovA Stelld anni 1672, p. 802. 
> Tytsho, JudieUm eU NovA SUlld. 

' Lynn, OhMTvalcry^ vol. vi. pp. 126, 161 ; Sadler, English Mechanic, voL 
xzz. p. 402 ; Tycho Brahe, Proffymmumata, p. 831. 

* Monthly Notices, vol. zzxiv. p. 168 ; Gore's Catalogue of known Variables, 
p. 164; AsW, Nach, No. 2960. 

' Kepleri Opera, t. u. p. 620. 
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20, 1670, by Anthelmus, a Carthusian monk at Dijon« It 
was then of the third magnitude, but its decline, unlike that 
of others of its class, was interrupted by two reappearances 
separated by intervals of invisibility. Between March and 
May 167l> it rose from the fourth to the third rank, then 
died out, only flickering up to the sixth magnitude in March 
1672.^ Almost exactly in its assigned position, Mr. Hind 
picked up, April 24, 1852, a star between the tenth and 
eleventh magnitude, which, when reobserved in 1861, had 
lost more than half its light, and gave the blurred image 
characteristic of many superannuated Novsb.^ The triple 
mayimum of Anthehn's star assimilates it to Janson's 
variable P Cygni,' which has itself often been classed as a 
Nova. 

An object unequivocally such was detected by Mr. Hind in 
Ophiuchus, April 28, 1848, when it was of 6*7 magnitude, 
and intensely reddish yellow.^ Four days later it had 
mounted above the fifth magnitude, from which eminence it 
dowly descended, making no lasting halt until, in 1874-5, it 
had got down to the thirteenth magnitude.'^ 

With the spectroscopic study of temporary stars, a fresh 
chapter in our knowledge of them opened. Through the 
magic of the prism, more was ascertained as to their essential 
nature in five minutes than could have been learned in as 
many centuries with the telescope alone. On May 12, 1866, 
Mr. John Birmingham, of Millbrook, near Tuam in Ireland, 
was amazed to perceive an unfamiliar star of the second 
magnitude shining in the constellation of the Northern Crown. 
On May 16, the application of Sir William Huggins's spectro- 
scope showed the object to be wrapped in a mantle of blazing 
hydrogen. Five bright lines (three of them due to hydrogen) 
stood out from a range of continuous light broken up into 
zones by flutings of strong absorption.^ The incandescence of 
the star was hence largely atmospheric, and for the rest, from 
the rapid rate at which it fell away, could have been only 

* J. Caasmi, ASmetUs d'Astronomie, p. 69. 

* Monthly Notices, yoL xzi p. 231 ; Naiure, vol. zzxii p. 866. The star is 
No. 1814 in the Greenwich Catalogue for 1872. 

* See ante, p. 62. * Astr. Nock. Nos. 636, 638, 672. 
" M<mtMy Notices, vol zzi p. 282. 

* Proeeedinffs Jtoyal Society, vol. xv. p. 146. 
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" skin-deep." Although the light decreased hj a daily half 
magnitude, and its colour changed from white to orange, no 
alteration took place in the character of the spectrum. The 
bright TBjB, however, faded sonvewhat less quickly than their 
continuous background. 

The visibility of the object to the naked eye lasted only 
eight days, and already, in the beginning of June, it had sunk 
to the ninth magnitude. Its slow subsequent decline was 
interrupted by fluctuations, thought by Schmidt to be 
periodical in about ninety -four days.^ When observed by 
Yogel, March 28, 1878, and again by Barnard in 1902, it 
was of about 9 '5 magnitude, and gave an ordinary stellar 
spectrum.* Virtually, it had resumed the conditions of its 
existence when Schonfeld entered it as of 9*5 magnitude in 
the Bonn Durchmusterung. Its leap upward to the second 
magnitude, involving a tlumsand -fold gain of light, was 
accomplished with extraordinary suddennes& Two hours 
and a half previously to Birmingham's discovery, Schmidt 
surveyed at Athens the constellation in which the blaze was 
about to occur, and noticed nothing unusuaL He was certain 
that the star could not then have been as bright as the fifth 
magnitude. 

Although its character as a Nova seems undoubted, the 
name of "T Coronse" was bestowed upon it in conformity 
with Argelander's system of nomenclature, by which the 
variables in each constellation are designated, in the order of 
their discovery, by the Soman capital letters from B onward. 
Only stars otherwise anonymous, however, are included in the 
distinctive series thus created, so that many variables are still 
entitled in the ordinary way by Greek letters. 

The stellar apparition that ensued afber ten years was, in 
some of its features, the most remarkable of all. Dr. Schmidt 
noticed at Athens, November 24, 1876, a star of the third 
magnitude near p Cygni, in a spot till then untenanted by 
any known stellar inmate. The weather having been cloudy 
during the previous four days, there was no possibility of 
tracing the steps of its ascent, but it ran down very rapidly, 
and ceased to be visible to the naked eye on December 15. 

1 Astr. Naeh, No. 2118. 
> MoncUsberichtef Berlin, 1878, p. 804 ; Monthly Notices, toL Ixii. p. 418. 
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Its changes of colour pursued an inverse order to those of 
its predecessor. From golden yellow it turned white, and 
eventuallj bluish. 

The earliest spectroscopic examination of " Nova Cygni " 
was made by M. Comu at Paris, December 2 and 4.^ Just 
the same range of bright lines was measured by him which 
would start into view in the solar spectrum upon a considerable 
augmentation of incandescence in the sun's gaseous sur-. 
roundings. Besides three, if not four, hydrogen lines, there 
were the yellow helium ray (wave length 5875), with several 
of its subsequently identified companions, the magnesium 
group h, and probably the sodium D. The star, at the height 
of its outburst, scarcely seemed to diverge from the type of 
fi Lyras and 7 Cassiopeiae. The C of hydrogen was vivid ; 
the continuous spectrum strong. But as the light diminished 
remarkable changes supervened.^ Bed hydrogen insensibly 
yielded its supremacy to green ; only a faded remnant of the 
general prismatic radiance survived in the yellow and blue; 
helium ceased to glow ; and the lazulite band of 7 Velorum 
(nitrogen?), identified by Copeland, January 2,* gained 
unexpected prominence. 

Meanwhile, the chief nebula-line, usurping the place, as it 
were, of an adjacent green line of helium, had been steadily 
creeping to the front ; and when observations, suspended in 
March owing to the encroachments of daylight, were resumed 
by Dr. Copeland at Dunecht, September 2, 1877, it stood 
alone.^ All the surviving light of the object — ^by that time 
sunk to 10*5 magnitude — ^was concentrated in that solitary 
green ray, and a minute planetary nebula was, in appearance, 
substituted for a star. But this too proved to be a phase 
scarcely less transient than the rest. Three years later, when 
the Nova had dropped a couple of magnitudes lower still, 
indications were obtained at Harvard College of its affording 
an ordinary stellar spectrum.^ They were fully confirmed 
firom the evidence of a spectrogram taken by Mr. Palmer, 
with the Crossley reflector, August 12, 1901, which showed 

^ Comptes Re^nduB, t, Izzziii p. 1172. 

* Lockyer, Proc RoyaZ Society^ vol. zliii. p. 139. 

* Copernicus, vol. ii. pp. 102, 112. * Ibid, p. 106. 

^ Annual Report^ 1879-80, p. 7. 
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the faint rays of Nova Gjgni to be munistakably continaotis. 
Professor Barnard observed them shortly afterwards with the 
Yerkes 40-inch refractor to be visually ill-defined and bluish, 
the star being estimated at about 15*5 magnitude.^ He could 
detect no change in its position relative to the surrounding 
stars mapped twenty- four years earlier by Ck>peland and 
Lohse. 

The Novas of 1866 and 1876 appear to have been of 
essentially the same character, notwithstanding some variety 
in the phenomena attending their decay. But they were 
not more closely assimilated by the analogous peculiarities 
of their light than the pair we are now about to describe by 
the singular circumstances of their situation. On May 18, 
1860, a nebula in Scorpio, numbered 80 on Messier's list 
(6093 in Dreyer's New General Catalogue) was observed by 
Br. Auwers at Berlin.^ It presented its usual appearance 
of a somewhat hazy ball of light, brightening gradually inward, 
and resolvable with difficulty into separate stellar points, 
together constituting a closely-packed, and most likely ex- 
cessively remote globular cluster. Three nights later he 
looked again, and saw that these minnows had a triton in 
their midst. A seventh magnitude star shone close to the 
centre of the stellar group. The existence of the new-comer 
lasted visibly just three weeks. Before May 25, a decline set 
in ; it had made considerable progress when, on May 28, Mr. 
Pogson (uninformed of Auwers's discovery) was startled by the 
apparent substitution of a star for the nebula,^ the dim 
luminosity of which seemed actually obliterated by the keen 
stellar radiance emanating from within it It recovered, how- 
ever, very speedily from this merely optical effacement. On 
June 10 its normal aspect was almost restored, and has never 
since been disturbed. 

After the lapse of a quarter of a century the significance 
of the event was accentuated by its repetition. This time the 
great nebula in the girdle of Andromeda was the scene of the 
outbreak. The unlooked-for addition to it of a "star-like 

^ lAck Bulletin, No. 84 ; Ailroph, Jowm. yol. zTiii. pp. 282, 238. 
3 Monthly NotieeM, vol. Izii. p. 405 ; cf. J. 0. Lohse, ibid. toI. zlviL 
p. 494. 

» Astr. Naeh, No. 1267. < M<mMy Notice, voL xn. p. 82. 
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nncleoB '" was announced by Dr. Hartwig at Dorpat, AugiiBt 
31, 1885 ; but it turned out that the change had already 
been perceived by Mr. Isaac W. Ward of Belfast, August 19, 
and two nights earlier at Bouen by M. Ludovic Gully, who 
set it down as an effect of bad definition.-^ Concordant 
observations by Tempel at Florence, Max Wolf at Heidelberg, 
and Engelmann at Leipzig showed decisively that the strange 
object made no show down to 10 p.m. on August 16 ;^ and a 
photograph taken by the late Dr. Common in August 1884 
gave positive assurance that a year earlier its place had no 
stellar occupant as bright as the fifteenth magnitude.' What 
were virtually the first rays of the Nova reached the earth 
August 17, 1885. 

Between that date and August 31 it mounted from the 
ninth to the seventh magnitude; then without delay 
entered upon necurly as swift a downward course, checked 
by only one decided pause. Even the largest telescopes 
failed to keep it in view after March 1886. The full yellow 
colour, by which the star at first contrasted effectively with 
the silvery background it was projected upon, faded with its 
light. No haze or glow blurred its image, which remained 
sharply stellar with a power of 1100 on the great Princeton 
refractor, when the adjacent nucleus of the nebula melted 
into a confused luminous blot.^ Attempts, incomplete from 
the nature of the case, made by Dr. Franz at Konigsberg, 
and by Professor Hall at Washington, to determine the parallax 
of Nova Andromedae, gave only negative results.* So far as 
they were significant at all, they indicated its immeasurable 
remoteness from the earth, nor ^ould it be overlooked that 
Sir Eobert Ball's similar experiment upon Nova Cygni had 
intimated a similar conclusion.^ 

The spectrum of Nova Andromedse was of a dubious 
character. It bore witness to a completely different order of 
incandescence from that of the " blaze-stars " in the Northern 
Crown and the Swan. The bright rays which it perhaps 
included were inconspicuous. None were definitely determined, 

1 del 0t Terre, Oct. 1, 1885. * A$tr. Naeh. Nos. 2682, 2688, 2691. 

' Nature^ vol. zzzii. p. 522. 

* Yomig, Sidereal Menengtr^ vol. iv. p. 282. 

^ Astr, Naeh. 2816. « Dwuink Observations, Part V. p. 24. 
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though the presence of several in the green and jellow ^ was 
strongly suggested to Sir William Huggins on September 9 ; 
and Dr. Copeland succeeded, on September 30, in getting 
rough measures of three vaguely discernible accessions of 
brightness.' The light, however, was mainly continuous ; and 
a general resemblance in quality of radiance was one of 
many arguments proving a physical relationship between the 
star and the nebula. This was, indeed, superfluously evident. 
That one stellar conflagration should by chance be projected 
almost accurately upon the core of a nebula in reality dis- 
connected from it, is just conceivable ; that two such highly 
improbable events should occur within twenty-five years of 
each other distances possibility. A third was barely rescued 
by photographic agency from irrevocable oblivion.' Discovered 
by Mrs. Fleming when its course was already nearly run, 
enough was nevertheless learned about Nova Centauri to place 
beyond doubt its analogy with its two predecessors. The 
nebula, in an outlying part of which it was lodged, is catalogued 
as N.G.C. 5253 ; the spectrum of the star, fortunately recorded 
by a casual exposure in July 1895, showed the same irregularly 
continuous character with that of Nova Andromedse. We 
may then feel assured that the Novsb of 1860 and 1885, as 
well as that of 1895, were situated within the substance of 
the several nebulsB which they temporarily illuminated. 

This collocation obviously falls into line with the galactic 
afl&nities of other temporary stars. The Milky Way is a plane 
of condensation for all small stars, but more especially, and in 
a marked degree, for stars as well as nebulse of a gaseous 
nature. Temporary stars are closely cognate with these, not 
merely through the brief gaseous incandescence bringing them 
to our notice, but through the symptoms of nebulosity which 
survive it. Opportunities for their study have lately been 
numerous and varied. Dr. Anderson of Edinburgh is dis* 
tingmshed as the visual discoverer of the two most remarkable 
Novse that have appeared for some centuries. He announced 
the addition of a guest to the stellar family of the Charioteer, 
February 1, 1892 ; but the Harvard photographs were found 

^ H^M't Brit. Assoeiatian, 1886, p. 935. 
' MofUhly Notices, voL xMi. p. 54. 
* Fifty-first Harvard Meport, p. 7. 
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to have silently noted the event on December 10, 1891, and 
the star's maximum brightness was fixed from their evidence at 
4*4 magnitude on December 20. Spectrographic methods, 
applied for the first time to such an outburst, disclosed some 
profoundly significant pecidiarities, since ascertained to be 
generally characteristic of " temporary " star-light. They con- 
sist mainly in the great width of the spectral lines, in the 
duplication of the bright by a corresponding dark series, and 
in their large relative displacements. A fine spectrogram of 
Nova Auriga, taken at Harvard College during an early stage 
of its development, is reproduced in Plate VI. Three brilliant 
hydrogen-lines, beginning with F on the right, are visible in 
it with their obscure, more refrangible companions; the H 
and K of calcium are similarly conspicuous to the left ; while 
the hydrc^n-series is continued in a less pronounced manner 
beyond them in the ultra-violet. It is instructive to compare 
with it (see Plate YII.) a map of the same spectrum, drawn by 
Father Sidgreaves from' two photographs taken at Stonyhurst, 
February 3, 1892. It is in two sections. The upper contains 
all the lines apparently present, the lower those that were 
evident and indubitable. The shorter wave-lengths, it will be 
noticed are here on the right hand ; F is in the middle, and D, 
undivided and distended, is placed near the extreme left. The 
hypothesis of a double origin for this extraordinary spectrum 
irresistibly suggested itsell Two stars, one shining with vivid 
gaseous emissions, the other showing heavy absorption-lines, 
were supposed to be in the act of rushing past each other 
with enormous opposite velocities, a grazing collision, or tidal 
influence being invoked to account for the conflagration by 
which they were rendered suddenly conspicuous. Accumulated 
incongruities, however, have thrown discredit upon the " two- 
star " theory, and it has now few adherents. That an encounter 
80 wonderfully circumstanced should occur just once was con- 
ceivable ; but the repetition of Virtually identical occurrences 
year after year transcended the powers of reasonable assent 

Nova Aurigae followed the example of a nebular trans- 
formation set by Nova Cygni, the change being in its 
case accompanied by a very considerable recovery of lustre. 
The star, then of sixteenth magnitude, was, lost sight of in 
April 1892; in August, its light, multiplied some three 
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hundred times, was mostly collected into the green ray of 
nebulium (X 5007). Nor did it b^in to ebb away again for 
many months, and then only at the slow rate of about half a 
magnitude yearly. Mr. G. D. Perrine observed it in August 
1903 to be of the fourteenth magnitude; and actually 
succeeded in obtaining a legible spectrographic impression of 
its faint ray& They proved to have nearly lost their gaseous 
character; the continuous streak yielded by them included 
only bare traces of bright linea^ The rule, in fact, seems 
general for temporary stars of reversion to a stellar type after 
a more or less prolonged nebulous interlude. 

Four new stars, discovered photographically by Mrs. 
Fleming, — Nova NormsB in 1893, Nova Carinse in 1895, Nova 
Sagittarii in 1898,andNova Aquilaein 1900, — followed closely 
in the track of Nova Aurig®. They deviated very little from 
the pattern of its spectrum,^ and they underwent similar 
metamorphoses, only vanishing more quickly and more com- 
pletely. They were then essentially phenomena of the same 
order, though probably on a reduced scale, since the duration 
of a Nova's phases may serve as a rough measure of its real 
magnitude. Clearly outbursts of the kind are incidents that 
occur with method, and call for an explanation capable of 
being uniformly applied. 

The diificulty of finding one comprehensive enough for 
the purpose was not lessened by the strange disclosures con- 
nected with the apparition of Nova Persei Early in the 
morning of February 22, 1901, Dr. Anderson saw with 
astonishment that Algol had a twin-companion, which, thirty 
hours later, was super-eminent in the northern sky. It was 
not until February 24 that its light was distinctively that of a 
Nova; but the seeming delay may have been due to its 
prompt discovery. None of its predecessors had been caught 
on the rise and at once spectroscopically examined. If they 
had, it would probably have been found that the gaseous 
blaze invariably needs some time to develop. It took place 
in Nova Persei precisely in the same way as in Nova Aurig» 

> Liek Bulkiin, No. 48 ; cf. Palmer, ibid. Ko. 86 ; BamArd, MimtMy 
Jfotiees, toI. Ixii p. 418. 

' That of Nova Sagittarii showed no conapiciioaB dark linea when photo- 
graphed April 19, 1898 ; but this was a comparatiyely late record ; it is amply 
possible that the nsnal chiaroscuro effects had been apparent a month preyiously. 
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and its less noted imitators. That is to say, the bright bands 
were shadowed on their blue sides by heavy bars of absorption ; 
and these were shifted fix)m their normal places by amounts 
oorresponding, on Doppler's principle, to the well-nigh in- 
oredible approaching velocity of one thousand miles a second 1 

The decline of the star was interrupted and irresolute. 
During March, indeed, the interruptions amounted to vivid 
spasms of recovery periodical in three days. Yet the loss of 
light progressed despite of them. By September 1901 the 
once brilliant Kova had ceased to be visible to the naked eye.^ 
The singular nature of the corresponding spectrum can be 
gathered from an inspection of Plate YIIL, Fig. 1, in which, by 
the kind permission of Father Sidgreaves, two of the Stonyhurst 
photographs are reproduced. The differences between them, 
it should be noted, are mainly of instrumental origin ; so that 
the sum of what each records gives a fair picture of the 
emission-rays of Nova Persei after it had dropped below the 
sixth magnitude. It had descended to the tenth in October 
1902; and its colour throughout that year was dull white 
or bluish,' whereas it had at first been strongly red. A 
spectrogram taken by Mr. Perrine, July 30, 1903, when it 
was of about the twelfth magnitude, indicated that the nebular 
rays for some time predominant had lost strength concomitantly 
with the usual restoration of continuous light ; ' and we may 
be sure that the equalisation will progress until every spectral 
trace of the strange cataclysm of February 1901 has become 
efGM^ 

One of its accompaniments or consequences was absolutely 
without precedent A circumferential nebula was partially 
photographed by Dr. Max Wolf, August 23, 1901 ;^ and it 
came out as a complete series of spires issuing, it might be 
said, from the Nova as their origin, in a Yerkes photograph 
of September 20. Later impressions, secured at the two great 
American observatories, supplied evidence, the startUng purport 
of which was independently perceived by Mr, Perrine* and 

1 Joet, Anlr. Nwik, No. 8821. 

* Bamud, Monthly Notice*, toI. bdL p. 418 ; Rambaut and Williams, Undf 
Jane 1902. 

* Lidt BuUetin, No. 48. 

« Attr. Naeh. Nos. 8786, 8752, 8758. 

* Lick BulUtin, No. 10. 
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Mr. Bitchej, that the nebula was expanding at a portentous 
rate, its swathed folds spreading outward, month by month, 
like the ripples on a water-surface disturbed by the fall of a 
stone. Moreover, this had been going on steadily &om the 
initial date of the star's visibility. A Crossley-reflector plate 
was found to have been impressed in ten minutes, March 29, 
1901, with narrow nebulous coils, the obvious progenitors of 
those fully disclosed six months later. For they were narrower 
in the computed proportion of the time elapsed, and would, at 
the same rate of expansion, have started from their focus in 
the star a few days before its observed outbreak. In Plate IX. 
the lick photographs of March and November are shown in 
juxtaposition. The augmented spread of the nebulosity during 
the interval can be gauged by using the small star to the 
north-west of the Nova as a point for comparison. In the 
earlier picture it lies far out in the clear sky, like a rock near 
high-water^ mark at low tide; in the second, it is heavily 
involved in folds of cosmic cloud. 

Theories of the expanding nebula round Nova Persei had 
to meet arduous conditions The star has no appreciable 
parallax; and the indefinite remoteness thus implied for it 
gave almost an assurance that the speed of the observed 
movements in its neighbourhood could not have been inferior 
to that of light transmission. Hence the idea occurred simul- 
taneously to Professors Kapteyn and Seeliger, and to Mr. 
W. E. Wilson, that the motion concerned was ethereal, not 
material^ What we saw resulted, they thought, from the 
progressive illumination by the sudden stellar blaze of a pre- 
existent dark formation. The rays photographed were those 
of the Nova reflected from nebulous particles multitudinously 
strewn round its place. The supposition, indeed, of a dark 
star lurking in the midst of a series of spherical shells of 
obscure filmy material ^ is not one that invites ready assent ; 
nor did the observed movements within the nebula fit in quite 
satisfactorily with the illumination -hypothesiB. It had to 
encounter, besides, the difficulty that the light proceeding 

> Astr. Naeh, Nos. 3756, 8759 ; Nature, vol Ixv. pp. 198, 298. 

^ The effect, viewed from the earth, would have been that of a paraboloidal 
surface projected on a plane. See the demonstration by O. Luyties, Asirqph, 
Jowm. Tol. ziz. p. 181. 
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from the nebula was not polarised, as it should have been 
if leflected; and Professor Newcomb considered that the 
distance of the nebulous spires from the Nova must have been 
80 great as to preclude the possibility of their shining per- 
ceptibly by means of its enfeebled Ught.^ Thus the weight 
of opinion ultimately favoured Professor Very's hypothesis' 
that the nebulous structure connected with Nova Persei 
resulted from its actual emission of minute particles under 
the stress of electrical repulsion, or the subtle agency of ligbt- 
pressura 

Nova Qeminorum was discovered by Professor Turner as 
an intruded star of the seventh magnitude on a plate taken 
at Oxford, March 16, 1903. The Harvard College photo- 
graphic archives were then consulted, and a record of the 
star's maximum on March 6, at 5*0 magnitude, was extracted 
from them ; while a negative of March 1, showing stars down 
nearly to the twelfth magnitude, preserved no trace of it. 
Mr. NewaU found its spectrum, on March 26, to be ablaze 
with hydrogen and helium ; and a photograph of so much of it 
as could be brought into focus at one exposure vdth the Yerkes 
refractor, obtained by Professor Frost, March 28, is repro- 
duced in Plate YIIL, Fig. 2. Its predominant feature is the 
strong efiFiilgence of the Wolf-Rayet lazulite band ; the green 
hydrogen ray to the right is of only half its width ; the faint- 
ness of H7 (blue hydrogen) ia partly due to its unfavourable 
situation ; but Ha was perceived visually to be of great 
intensity, and lent to the star its characteristic crimson tint.' 
Colour and brightness faded together, and very rapidly, the 
transience of the conflagration suggesting that it affected a 
comparatively small mass. The decadent Nova was observed 
by Professor Barnard, September 1, 1903, as a hazy star of 
11*5 magnitude,^ yielding, it had been ascertained at lick, 
August 17, a purely nebular spectrum ; ^ and it wUl doubtless 
sink ere long to virtual extinction. 

The manifold experience of recent years has taught us 

1 Aslr. Jaum, No. 650. 

» AsAr, Naeh. No. 8771 ; Amer. Journal of Science, voL xvi p. 49. 

• Yerkes Bulletin, No. 19 ; Astrcph, Jowm. voL xvii p. 376. 
« Tomer, MowQUy Notices, vol. Iziii p. 665. 

* H. D. Curtis, Lick Bulletin, No. 48 ; PubUeaiions Aetr. Pacific Society, 
Oct 1908. 
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that a lepresentative "temporaiy" spectrum passes through 
five well-marked stages. To begin with, it seems — though for 
a very brief interval — that of an ordinary helium-star. Next, 
it diqilays a series of brilliant rays, set off by dark satellites, 
always of shorter wave-lengths. Later, blue bands emerge, 
and the light partakes markedly of the Wolf-Sayet peculiarities. 
Fourthly, it becomes concentrated into the green rays of 
nebulium. Finally, it reverts to whiteness, and disperses into 
a dim, featureless prismatic band A strictly methodical 
course of change is then traversed by these bodies. They 
undergo transformations of a prescribed kind in a settled 
order. Nor are any of their phases necessarily and essentially 
unstable, since each is exhibited permanently by the members 
of other sidereal families. The conditions to which NovaB are 
temporarily subjected cannot, then, be adequately explained 
without reference to the fact that they are durable elsewhere. 
They cannot depend for their production upon the fleeting 
effects of catastrophes. This consideration seems to dispose of 
collision and explosion theories of stellar outbursta For the 
displaced and coupled lines accompanying their vivid phases, 
which such theories are specially designed to account for, do 
not exclusively distinguish " new " stars. They occur as well in 
the spectra of permanent though peculiar denizens of the sky. 
The most familiar examples are P Cygni and rj Garimse. Both 
these stars now shine steadily, though both underwent striking 
vicissitudes in the past ; and both show spectra perfectly similar 
to those of Novae near their Tnaxima. Their remarkable quality 
of light accordingly corresponds to a state of things capable of 
persisting year after year, decade after decade. The causes 
which produce it must act uniformly and for an indefinite length 
of time. They are not brought into action casually through 
some momentary combination. Now this inference obviously 
applies likewise to Novae. The spectral phenomena shown by 
them are, it is true, of a transient nature. Tet they are the 
same observed to be constant in other star& No rationale, 
accordingly, which expounds them on the exclusive basis of a 
passing catastrophe can be true. 
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CHAPTEE VIII 

STABS TABIABLB IN LONG PERIODS AND IBRBGULABLT 

Between two and three thonsand stars are certainly or very 
piobablj variable^ and known objects of the kind multiply 
with the more systematic use of photographic methods. In 
Chandler^s Third Catalogue (1896^ 393 were enumerated; 
seven years later, 1309 figured in the Harvard Provisional 
Catalogue' with its First Supplement.^ In 1904, no less 
than 407 new variables were brought to light by Miss 
Leavitfs comparisons of Harvard plates taken at different 
epochs; and detections go on apace, both at Harvard^ and 
at Heidelberg.^ So £Eir, only a small proportion (417) of 
the stars recognised as variable have had periods assigned 
to them; with most acquaintance has been made too re- 
cently for the purpose; yet a large residue seem entirely 
lawless in light change. Periodical stars are divided into 
those with '* long " and those with " short " perioda Nor is 
the distinction an arbitrary one. The stars seem to separate of 
themselves into two principal groups, undergoing fluctuations 
in cycles of respectively less than thirty, and of 120 to 450 
days. The paucity of stars with periods of intermediate 
lengths is shown graphically in Fig. 2, where the height of the 
cuive represents the number of stars subject to changes pro- 
portionate in duration to the horizontal distance from left to 
right. 

Variations requiring several months for their completion 

^ AfiT, Journal, No. 879. 

' Sarwtrd Annals, toL xlviii. p. 91. 

• Harvard Oirmlar, No. 77. 

< IM. No. 96. » M. Wolf. Astr. Naeh. No. 4005. 
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differ both in degree and kind from those run through in a 
few days. They are of much greater amplitude^ ranging over 
five to eight instead of, at the most, two magnitudes ; they 
are accomplished with less punctuality; and they are fre- 
quently attended by symptoms of gaseous ignition almost 
wholly foreign to quicker vicissitudea Most important of all, 
they affect bodies of peculiar constitution. Nearly all long- 
period variables are red stars with banded spectra ; those of 
short period are white or yellowish in colour, and display 
Sirian or solar spectra. Quality of light is thus the pre- 
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Fio. 2.— Distribtition of 884 Periods of Variable Stan. 

dominant factor in determining the law of stellar light-changes^ 
and is itself dependent, as we have seen, upon atmospheric 
properties. The rule is, in fact, almost imfailing that short 
periods are attended by slight, long periods by strong 
absorption, and that the conditions producing redness in stars 
not only favour variability in general, but almost absolutely 
prescribe its type. 

Periods of between one and two hundred days may be 
called " long " ; but as Fig. 2 shows, they are not of plentiful 
occurrence. Such fluctuations as now engage our attention 
usually demand more than 200 days for their accomplish- 
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ment^ and are seldom prolonged beyond 450. Dr. Chandler 
considers 320 days as the average duration of change for long- 
period variables;^ the prevalence, however, among them of 
periods of about one year is remarkable, and cannot be 
accounted for by mere accidents of observation. The first 
and best known specimen of the class, the members of which, 
on January 1, 1904, numbered 397,^ anticipates by about a 
month the rule of annual recurrence. 

When Bayer, in 1603, affixed in his charts the Greek 
letter o to a small star in the neck of the Whale, he had no 
suspicion of its identity with a supposed " Nova " which had 
disappeared seven years previously, after blazing up to the 
second magnitude. Its discoverer, on August 13, 1596, was 
David Fabricius, of Osteel in East Friesland ; but though he 
saw the object again, February 15, 1609, he left it to John 
Phocylides Holwarda, professor of philosophy at Franeker in 
Holland, to ascertain its true character in 1639; and the 
repetition of the phases in cycles of 333 days was established 
in 1667 by Boulliau.* The name " Mira," bestowed by 
Hevelius upon the changing star in Cetus, commemorates the 
amazement excited by the detection of stellar periodicity. 

The phenomena it presents would seem incredible were 
they less well established. Once in eleven months the star 
mounts up in about 125 days from below the ninth to near 
the third, or even to the second magnitude ; then after a pause 
of two or three weeks, drops again to its former low level in 
once and a half times, on an average, the duration of its 
rise. The brightest maximum on record waa observed by 
Sir William Herschel, November 6, 1779, when Mira was 
little inferior to Aldebaran ; * the faintest minimum, that of 
1783, is said to have carried it below the tenth magnituda 
An extent of eight magnitudes may then be assigned to 
the oscillations^ of this strange object, which accordingly 
emits, at certain times, fully fifteen himdred times as much 
light as at others. That each maximum is a genuine con- 
flagration has been proved by spectroscopic observation ; the 
conflagrations recur yearly, with approximate regularity, and 

1 Astr. Jowm. No. 193. 

* ffarvard Circular, No. 74. • Mon/Uum ad Aitronomos, p. 7. 

* Phil Trarts. vol. Ixx. p. 888. 
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after three centuries of notified activity, give no signs of 
exhaustion ! 

The height of the maxima, however, varies greatly. The 
consecutive ones of 1887 and 1888 (represented from Colonel 
Markwick's observations in Fig. 3) showed a nearly fourfold 
difference of intensity ; but Heis's remark that high and low 
maxima tend to alternate has not in the long run proved con- 
sonant with facts. There is no rule by which the brilliancy 
of impending phases can be predicted That of November 
1868, in which the star just failed to reach the fifth magnitude, 
was, it is true, preceded by a high maximum, but several 
average or low maxima followed it All that can be said is 
that exceptionally bright apparitions are isolated ; they do not 
come in sets, but one by one, at considerable intervals, — at 
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Fio. 8.— Two oonseoatlya MftzlmA of Min^CetL 

intervals, if M. Guthnick's conclusion proves correct, of 59|- 
years. The high maxima of 1779, 1839, and 1898 suggested 
this period, prescribed — ^it is thought possible — by extra tidal 
disturbances due to the periastron passages of a distant satellite 
revolving in a very eccentric orbit^ The next brilliant phase 
need not be looked for, on this showing, until 1957. 

At minimum, Mira rarely descends far below the ninth 
magnitude. Fig. 4 portrays, from the observations of Mr. 
Stebbins,' the gradations by which it lost and regained light 
in 1902-3. Although the star appeals never to become 
actually inert, its changes during six weeks amount to no 
more than flutterings about the lowest level of brightnesa 
The progressive reddening of its rays as they grow dim is 
held by M. Osthoff to be explicable as a physiological effect* 

1 ABtr. yach. No. 8746. 

■ Astraph, Jaum, voL xviiL p. 846. 

' Astr. Naeh, No. 8940. 
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Spectral variations are, nevertheless, evident,^ and must con- 
tribute to the result. 

> The penodicity of Mira obeys a highly complex law. 
Deviations to the extent of a fortnight from the " mean period " 
of 331 days are common, and the TnaYinri nTt^ of September 29, 
1840, was a full month late.* Its perturbations may, indeed, 
be themselves periodical, but if so, their law has not yet been 
suocessfully formulated Argelander detected the influence of 
a wave of disturbance with an amplitude of twenty-five days, 
and embracing eighty-eight periods;* Schwab's observations 
indicated subordinate ripples of change in six and a half days ; * 
and there are half-effaced traces of several oscillations besides.' 
Yet none are quite securely established Guthnick, however. 




J^^ July 80 Aua.29 Sept. 28 Oct. 28 No>t-27 Dec. 27 J*mJ|6 Feb. 25 M«fc2 ' 
Fio. 4.— Minimum of Mlia Oeti, 190S-8. 

has entire confidence in the reality of an inequality covering 
200 cycles (180 years), which is doubtless the equivalent of 
one suspected by Argelander with a period of 160 years. The 
test of verified prediction will eventually decide whether he is 
right The sJiape of the light-curve, too, varies notably. Its 
peaks are sometimes much blunter than at others; and the 
star, which usually retains its full lustre during a fortnight, 
has been known to remain twice that time stationary. Still 
more singularly, the otherwise invariable rule of an increase 
more rapid than the ensuing decrease was reversed in 1840. 
Sixty-two days were occupied in ascending from the sixth to 

^ Attroph, Jowm, toL xriii. p. 860. 

* Argelander, AUr, Naek. No. 416. 

' Bo-Mier JBeobaehtungin, Bd. vii. p. 882. 

* Aitr. Nach. No. 2781. 

<> Argelander in Humboldt's Ocamos, toL iiL p. 284. 
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the third magnitude, forty-nine only in sinking back to the 
datum leveL The anomaly, due to what might be called an 
unprepared retardation of the maximum, reccdls the abnormal 
course of the sunspot cycle which culminated at the close 
of 1883. 

The spectrum of Mira is a splendid example of Secchi's 
third type. Eleven bands of profound shadow, sharp towards 
the violet, gently gradated towards the red, throw out into 
strong relief the intervening brilliant zones ; while dark lines 
of metallic absorption, and vivid hydrogen-rays, vary the efifect, 
and add to the intricacy of the characters to be deciphered. 
The more refrangible members of the hydrogen series axe those 
chiefly brightened in this star ; no trace of C betrays itself to 
the most attentive scrutiny ; F has never been seen, and is 
only occasionally photographed.^ Its violet associate. He, is 
also exceedingly dim, either intrinsically, or because of the 
obscuring effect of a coincident calcium-band. The brilliant 
phase of Mira in 1898 was attended by a curious triplication 
of the blue hydrogen-lines,* as if through powerful magnetic 
action. But the phenomenon has not recurred; hence the 
polarising experiments, by which its nature could be estab- 
lished, have yet to be tried. The dark lines in this spectrum 
are affected by motion-shifts corresponding to a recession of 
the star from the earth at the rate of 66 kilometres (40 miles) 
a second;' the bright lines are much less displaced. Yet 
there is no evidence that the absorption- and emission-rays, 
although they act thus independently, belong to distinct bodies. 
Mira is, to all appearance, a singly-constituted star. 

The same may be said of a variable in the neck of the 
Swan, which Bayer, ignorant of its changing character, set 
down in his maps as of the fifth magnitude. It still retains 
the name he gave it of *'x CygnL" Missed by Gottfried 
Elirch in July 1686,* it reappeared October 19, and sub- 
sequently disclosed to his vigilant watch fluctuations even 
wider than those of the " wonderful " star in Cetus. It descends 
below the thirteenth and rises nearly to the fourth magnitude, 

^ Stebbins, As6roph, Jowm. toL xriii. p. 864. 

' GampbeU, ibid, yoI. ix. p. 31. 

' Stebbins, ibid, toI. xyiiL p. 852. 

* Miscellanea Serolinensia, t. L p. 208. 
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sometimes indeed stopping short when barely visible to the 
naked eye, but more commonly remaining ludd for a couple 
of months. Nor is its course much better regulated as regards 
tima " Errors " up to forty days often attach to its phases, 
and the attempt to correct them by the introduction of cyclical 
terms has proved only partially successful.^ The period, 
estimated at 402 days by Kirch, now averages 406. Olbers 
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Pio. 5.— Light«arv8 of R Nonn*. 

noticed that it had been steadily lengthening down to 1818,^ 
and it is lengthening still. The compensatory process anti- 
cipated by him has not set in. As usual in such cases, the 
ascent to maximum is much more rapid than the descent from 
it, occupying at present about 171 days." 

^ B<ywMr Beob, Bd. vii. p. 886 ; Mawnheimer JahresUriehi, Bd. xL p. 110. 

' Sobumacher'a Jahrbwih, 1841, p. 98. 

' Chandler, Third Catalofftie, 1896. 
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The colonnaded spectrum of x Gygsd is appropriate to its 
scarlet colour. Moreover, on May 19, 1889, when the star 
was near a maximum, Mr. Ecfpin perceived evidence in it of 
direct radiation hj hydrogen which seems to be quite similarly 
conditioned to the blaze in Mira. The first and fifth members 
of the series (Ha and He) are missing ; the second (H/8) is 
perhaps less evasively present There is besides a discrepancy 
in the positions of the bright and dark systems of lines 
analogous to that perceived in the spectrum of Mira,^ and 
obviously connected with the peculiar processes of light-change 
characteristic of such stars. 

The light-curve of B Normse is depicted in Fig. 5 from 
Mr. Innes's observations in 1898-99 at the Boyal Observa- 
tory, Cape of Good Hope.' It is of a very unusual character. 
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Fio. 6.— Areas of Facnto on the Son, 1878-99. 

Each cycle includes a pronounced double maximum, resulting, 
we can scarcely doubt, from the full and unrestricted develop- 
ment of a tendency, half-suppressed in most variable stars, 
to arrest the ebb of light at a certain interval after the 
culminating crisis. The vicissitudes of solar agitation, too, 
undergo a similar phase of hesitancy, as may be gathered from 
Fig. 6, which portrays, from the Greenwich observations, the 
virtually double facular maxima of 1882 and 1884, and of 
1892 and 1895. The variability of B Normse was first 
noted by Gould in 1871. An average period of 481 days 
is conformed to; but extensive divagations from it are 
patent. 

They are, however, insignificant compared with those of 

1 Eberhard, Astr, Ncush. No. 8785 ; Asiroph. Joum, vol. xriii. p. 198. 
Annals of the Cape Observatory, vol. ix. p. 107 B. 
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XT Lupi Indeed, this 8tar barely pretends to regularity. 
Sometimes, it is true, the sudden failures of light distinguish- 
ing it succeed each other at intervals of about eighty-seven 
days; but an interruption is sure to supervene, baffling all 
attempts at anticipation, and the oscillations are then resumed 
as if by a fresh impulse. In Fig. 7 two successive minima 
are represented — one complete, the 
other seemingly abortiva Mr. 
Junes discovered this singular 
object in 1898,^ through its unex- 
plained absence from the Cape 
Durchmusterung plates, and 
watched the caprices of its in- 
stability during three years. 

By far the longest period 
yet attributed, on reasonably 

good evidence, to a variable star was assigned to e Aurigss 
by Dr. Ludendorflf of Potsdam in 1903.* As a white star 
with a spectrum resembling that of a Cygni, it should not be 
predisposed to instability ; and the amplitude of its changes 
is, in fact, of no more than seven-tenths of a magnitude, 
implying a reduction of brightness by one-half. Moreover, 
they take place very gradually, and are rarely observed. For 
the most part, the star shines with approximate constancy at 
3*3 magnitude. Its phases of dimness were believed to occur 
quite irregularly, until Dr. Ludendorff showed, by an exhaustive 
discussion, that they are subject to a periodicity of slightly 
more than twenty-seven years. Decline and recovery occupy 
thirteen o^ fourteen months ; an intervening stationary time 
of least light lasts just ten; so that the entire oscillation 
needs close upon two years for its accomplishment. Three 
were recorded in the nineteenth century, a fourth in 1901-2. 
It remains to be seen whether future minima will honour the 
cheques of calculation as they tail due. Illusory effects of 
periodicity have often been perceived in stars fundamentally 
irregular, and e Aurigse may still evade the law of order 
which it has temporaiily obeyed Its character as a spectro- 
scopic binary, established by Drs. Vogel and Eberhard in 

1 AOr. J(nimal, No. 442. 
2 Astr. Naeh, Noe. 8918-20. 
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1902,^ cannot well be supposed extraneous to its luminous 
yariability ; but the mode of connection remains enigmatical, 
since the occurrence of eclipses is precluded hj the conditions 
of moyement that appear to prevail in the system.^ 

We now come to that unique star, 17 Cannse. Its actual 
appearance is insignificant. Invisible to the naked eye, it is 
telescopicallj distinguished only hj its reddish colour and 
slightly superior brightness from the crowd of small stars 
embroidering one of the finest of the southern nebulae, named 
the " Key-hole Nebula/' from the aperture of that shape with 
which it is centrally perforated, dose to one edge of the 
aperture, in the densest part of the nebula, 17 Carinae is placed. 
Nor can we suppose its position fortuitou& There is every 
reason to believe the star to be really plunged in nebulous 
substance; and the peculiarity of its environment combines, 
we must suppose, with peculiarities of constitution to produce 
the exceptional character of its changes. 

The first observation of 17 Carinse was made by Halley at 
St Helena in 1677, when it was of the fourth magnitude; 
had it been as bright in the second century A.D., Ptolemy 
would presumably have recorded it, since, as Mr. Innes points 
out,* the chief stars in Crux and the Centaur, which culminate 
about the same altitude, are included in the Almagest 

Soon after the young English astronomer made his 
hurried survey of the southern sky, the variable had a notable 
accession of lustre. P&re No^, a Jesuit missionary in China, 
rated it as of the second stellar rank, 1686-89,^ and so it 
appeared to Lacaille in 1751; yet the discrepancy with 
Halley^s appraisement remained unnoticed. The higher 
estimate was confirmed by those of Fallows, Brisbane, and 
Johnson in 1822, 1826, and 1832 respectively, an intervening 
decline having been noted only by the traveller Burchell, who, 
fSftmiliar with the star as of the fourth magnitude in 1811-15, 
was surprised one night in 1827, at San Paolo in Brazil, to 
see it temporarily raised to a level with the finest brilliants 

^ SUxungsUriehUf BerUn, NoTember 27, 1902. 
' A. M. Gierke, Observaioryt toL zzvii. p. 118. 

' Annals Cape Observatory, yoI. ix. p. 75 b. Henderson is referred to as the 
author of the remark. 

^ Winnecke, Astr. Naek, No. 1224 ; Klein, Sirim, Bd. vL p. 285. 
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of the skj. Another, and a still more vigorous outburst, 
was witnessed by Sir John Herschel, December 16, 1837. 
Without previous note of warning, the star all at once 
nearly tripled its Ught, and before the end of the year fully 
matched a Centauri. Since then it has been kept under 
strict surveillance as a notorious character, and not without 
reason. After a partial decUne and several preliminary 
'' fiutterings," it reached a final maximum in April 1843, 
when Sirius alone among the fixed stars slightly outshone it. 
This high position was moreover fairly well maintained for 
nine or ten years. Gilliss, at Santiago in 1850, found it very 
little inferior to Ganopus in Ught, and in colour more deeply 
tinged with red than Mars.^ Still of the first magnitude in 
1856,* it fell to the second in 1858, to the third in 1859, 
and ceased to be visible to the naked eye early in 1868.' 

For sixteen further years the slow ebb of light continued, 
and the magnitude of the once effulgent orb, carefully 
determined by Mr. Finlay at the Cape, was in March 1886 
only 7*6.* This proved to be the beginning of a stationary 
minimum of indefinite duration. The star has suspended its 
fluctuations, and it is impossible to say when it may resume 
them. Quite probably its history is one that " does not repeat 
itself." Our continuous knowledge of it is embodied in the 
accompanying diagram (Fig. 8). A single vast oscillation is 
indicated, occupying about a century for its completion, and 
diversified by secondary fluctuations of a very conspicuous 
character (innumerable minor ones are ignored in the figure). 
The data at present available, however, afford no grounds for 
concluding this oscillation to occur regularly. Attempts to 
assign a period to the variations of this object have signally 
failed. Wolfs of forty-six,* arid Loomis's of seventy years,^ 
were both palpably too short ; larger time allowances encoun- 
tered obvious difficulties ; and 17 Carinse was, by general con- 
sent, abandoned to its own lawless courses. Protracted periods 
of light-change have, in several other cases, been suggested, 

^ Abbott, UofUhly Notices, toI. xzi. p. 230. 

» Moesta, Astr. Naeh, No. 1064. 

' Tebbntt, Monthly Notices, toL xxxi. p. 210. 

* Monthly Notices, vol. xlvi. p. 840. 

* Ibid, vol. xxiii. p. 208. 

• Ibid. vol. xxii. p. 298. 
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but have in none been verified^ unless Dr. LudendorfTs of 
twenty-seven years for € AurigsB prove an exception. The 
stars they were ascribed to, when the time came for a repeti- 
tion of their presumed cyclical changes, showed a total want 
of conformity with what was expected of them. As examples 
may be mentioned 63 Cygni, to which Mr. Espin attributed a 
period of five, and E Cephei, thought by Mr. Pogson to obey 
one of seventy-three yeara 

Thus the great southern variable cannot be depended 
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Fia 8.— Ligbt-^urve of i) GariBSB,' 1810-1902. 

upon to revive its past splendour& There is nothing inevit- 
able ctbout the kind of fluctuation it exemplifiea One might 
indeed say of it, in Jack Cade's phrase, " then is it in order 
when it is most out of order." Irregular light-change seems 
to develop all its resources in the vicissitudes of rf Carinse. 
They have included quick, yet sustained ascents in brightness, 
and also evanescent kindlings. Stationary epochs have been 
followed by epochs of instability ; at some times the Btax has 
shown a tendency to establish itself at halting-places, at others 
to slip along an inclined plane of change. In aU this it 
differs materially from temporary stars, which leap up, as if 
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hj a single impulfle, to their solitary maximum, after which 
they lose in a few months the whole of the light they had 
acquired. The nature of its Ught, on the other hand, 
assimilates it to the temporary class. Sir David Gill's study 
of photographs taken with the McClean apparatus in 1899 
demonstrated a close agreement between the spectra of the 
smouldering variable and of Nova Aurigse when near 
maximum.^ Hydrogen-lines, broad and bright, with dark 
companions on their more refrangible sides, were the leading 
feature of both ; and a feature no less enigmatical in the one 
case than in the other. Tet the fact, as already remarked, 
is of profound importance that the conditions transiently 
present in Novse have been rendered permanent both in 
17 Carinse and in P Cygni, the quasi-Nova of 1600, now an 
unexceptionally steady fifth-magnitude luminary. 

Among the miscellaneous objects comprised in Pickering's 
third class of variables are some slightly changeable third- 
type brilliants. Sir William Herschel added in 1795 a 
Herculis to the list of seven fluctuating stars then known.^ 
A period of two months assigned by him to its oscillation 
between 3*1 and 3*9 magnitudes has proved illusory. During 
some years the swing appears almost to cease, then is 
hurriedly resumed, but with no settled order. The analogous 
variations of Betelgeux and fi Pegasi are equally unmethodical. 
A conspicuous brightening of the former star attracted much 
attention in the autumn of 1902, but speedily subsided. 

The extraordinary character of a star long known as 
" Variabilis CoronsB," now called " R Coronee," was discovered 
by Pigott in 1795 ; a near neighbour of the "blaze star" of 
1866, its changes are of the nature of extinctions rather than 
of outbursts. Ordinarily of 5*5 magnitude, it occasionally 
drops out of sight with small telescopes, and after lingering 
below the tenth, or even the twelfth magnitude for many 
months, slowly regains its lost light. But its phases, at times 
suspended, as during the seven years, 1817-1824,* are 

^ Monthly Notices, toI. Ixi. p. 466, App. It.; cfl Harvard Annals^ vol. 
xzviii. p. 175 (Miss A. J. Gannon). 

• I^U, Tran$, vol. bcxxvi. p. 462. 

* Argelander, Bowiier Beob. Bd. vii p. 874 ; Olben, Berliner Jahrbuchy 
1841, p. 100. 
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at others ill-marked. Thus at the minimum observed hj 
Sawyer, October 13, 1885, the star was still of 7*4 magni- 
tude.^ It shows a peculiar spectrum needing closer in- 
vestigation. 

B Cephei is a star which, since the beginning of the 
present century, has lost |^ of its radiance, and at present 
in no way tends towards recovery. In the time of Hevelius 
it was of the fifth magnitude, and Groombridge's observation 
of it in 1807 showed it to be then still unchanged. By 
1840, however, it had sunk to the tenth, and has never since 
risen above the eighth magnitude.^ Its identity with the 
" 24 Cephei " of Hevelius, tracked out by Pogson in 1856,* is 
universally admitted. Of late years it has shown no sign 
of variability. Its light, considered by Schonfeld to be 
tinged with red, appeared bluish to Farley in 1838. 

Genuinely red stars are ordinarily subject to shiftings 
of photometric standing. Among twenty -two such, kept 
in view by M. Safarik at Prague, from 1883 to 1888, 
for the express purpose of testing their constancy, only 
nine remained without noticeable change, two were found 
periodically, six irregularly variable, and five either vanished 
or lost great part of their light. Earlier observations of 
several of these objects certified the progress of their decline 
during twenty to twenty-five yeara* An example of a sudden 
acquisition of lustre is afforded by a small red star in the 
same field of view with y Cygni. Between December 1885 
and June 1886, Mr. Espin perceived it to have risen in rank 
by a whole magnitude,^ that is, to be giving out two and a 
half times as much light as six months previously. And so 
far as is known the gain has been kept. 

The track of recent astronomical progress is strewn with 
the dilapidated remnants of hypotheses invented to explain 
the strange phenomena of stellar variability. Nevertheless, 
much has been learnt as to their relationships and essential 
nature. The gaseous incandescence, for instance, visible in 

> Aitr. Joum. No. 161. 

' Schonfeld, Maninhcimer Jahresberiehtf Bd. xl. p. 113 ; Gore's CdUcUogtte, 
(1884), p. 200. 

' Monthly Notices, vol. ivii p. 28. 

* Astr, Naeh, No. 2874. 

• Journal lAv, Astr, Soe. vol. v. p. 2. 
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the spectra of periodical stars near their maxima brings them 
into such close physical relationship with temporary stars as 
absolutely to prohibit the speculative separation of the two 
kinds of change they respectively exhibit A theory stands 
self-condemned which deals with them on difiTerent principles. 
Moreover, the association of variability with processes of 
luminous change in stellar atmospheres has been rendered 
obvious; and this at once disposes of darkening expedients, 
as by slag-formation, vaporous obscurations, and axial rotation, 
bringing bright and dark sides alternately into view. Equally 
inadmissible is the rationale of stellar fluctuations by inter- 
mittent chemical associations and dissociations at the atmo- 
spheric outskirts of cooling bodie&^ For the increase of light 
at maximum demonstrably ensues upon a real access of 
incandescence, and is not a mere appearance due to the 
dissipation of absorbing vapour& The fires really die down 
and leap up at regular intervals ; they are not merely screened 
off and disclosed 

Attempts have several times been made to explain the 
periodicity of stars through the influence of satellites revolving 
round them in highly eccentric orbits. Klinkerfues suggested 
great atmospheric tides, raised at successive perihelion-passages,' 
as a means of bringing about periodic interceptions of Ught. 
Plassmann's' view of tidal effects is wider, and perhaps 
embraces a partial truth. For, just as in the earth the 
unequal attractions of sun and moon on its centre and 
surface sometimes provoke, though they could not produce, 
earthquakes, so the tide -raising power of bodies making 
very close approaches to stars in a critical state of heat- 
equilibrium may serve as the occasions of luminous outbursts 
of a temporary or recurrent nature. 

Sir Norman Lockyer's meteoritic hypothesis included the 
pregnant idea that variables are to be regarded as '' incipient 
double stars." ^ But it had a different application to that 
imagined for it by its author. There is no sound reason for 

^ Breater, Esioi tTutu Th4orU du SoleU et de$ hoiUs Variables, Delft, 1889. 
' Omin{ii$ehs NaelmehUn, 1865, p. 8 ; see also Dr. Wilaing's oomments in 
Jttr, Nach. No. 2960. 

* Die Veranderliehen Sterne, Koln, 1888. 

* Froc Boyal Society, toL zHy. p. 80. 
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believing stars like Mira to be composed of twin meteor- 
swarms blazing through periastral coUiBions. That their 
luminosity may be affected by the tide -raising power of 
unseen companions, it would indeed be rash categorically to 
deny; yet there is no evidence to support the opinion, 
while the periodicity of the objects in question is of so dis- 
turbed a kind as to raise almost insuperable obstacles against 
connecting it with movements necessarily punctual. More- 
over, periodical cannot be sharply divided off from irregular 
variables. Every degree of perturbation, up to the total 
subversion of laws of change, is met with among them. Many 
stars seem at times disposed to conform to a period which 
they later ignore. In others, method is indicated, though too 
vaguely to be defined, while the majority oscillate, with wide 
allowance of amplitude, about a period itself often subject to 
periodical or secular change. It is evident that the immediate 
and unmodified interaction of revolving masses cannot explain 
breaches of regularity widening out to its total destruction. 

The time has scarcely yet come to formulate a general 
theory of stellar variability, but we may, at any rate, try to 
render our ideas on the subject coherent, admitting provision- 
ally those that are consistent with known facts, rejecting 
summarily those that contradict them. It will then become 
possible to realise with some distinctness the conditions under 
which alone any such theory could be regarded as adequate. 

As long ago as 1852, M. Budolf WoU adverted to the 
analogous character of the curves representing sunspot 
frequency and stellar light -change.^ They are not only of 
the same general form, but they are marked by precisely the 
same kind of irregularities. Both are steeper in ascent than 
in descent ; both rise into peaks of unequal heights at unequal 
distances apart. Mira, x ^Jff^f ^ Hydrse, and the rest, have, 
like the sun, retarded and accelerated, high and low or abortive 
maxima. The representation in Fig. 9, from the Greenwich 
observations, of the changes in sunspot frequency during the 
decennial period 1867-1877, is the very counterpart of the 
light-curve of a variable star. Especially characteristic is the 
break in the descending branch reflecting a partial recovery 

1 MiUheiltmgen Natur/oneh. Gesellaehaft, Bern, 1852, p. 261. 
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in the downward course towards Tnirn'mnTTij to which variable 
stars of different classes are prone, and which may even, as 
in R NomuB, assume the importance of a second co-ordinate 
maximum. Moreover, the flow of change in sun and stars 
alike is broken and disturbed by the superposition upon the 
normal period of subordinate and superior cycles ranging from 
a few days perhaps to centuries. 

The presumption then of their similar origin is very 
strong: nor are we wholly without evidence of a physical 
nature to the same effect. The development of bright lines 
in the spectra of variable stars near their maxima is paralleled 
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Fio. 9.— Oimre of Sunspot Fraqnency, 1867-77 (SllisX 

in the sun by the increase of emissive intensity in the corona 
as sunspots increase, as well as by the attendant development 
of calcium fiocculi shining by direct radiation. Atmospheric 
incandescence is thus in both cases heightened, although in 
immensely different degrees; and confirmation is afforded to 
what was already certified by the congruous shapes of the 
two curves, namely, that the maximum of spots in the sun 
corresponds with the maximum of light in stars, and vice 
versd. It is the more necessary to bear this in mind, because 
obscurations by spots have sometimes been alleged as a cause 
of stellar variability. That just the opposite is the truth has 
been further certified by a beautiful mathematical investiga- 
tion set on foot by Professor Turner in 1904.^ Submitting 

^ MorUhly NotieeSf roL bar. p. 648. 
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to the methods of harmonic analysis stellar light-curves and 
the curve representing solar cyclical activity, he obtained 
results of emphatic import as to the identity (it might be 
said) of the constructive principle at their base, provided that 
maxima of spots be regarded as the correlatives of maxima of 
brightness. But the agreement vanished when the trial was 
made of inverting the relationship., 

The conclusion that solar and stellar disturbances are alike 
in kind clears the ground for further investigation, for, 
besides obliging us to reject causes for the latter which 
are demonstrably unconcerned with the former, it renders 
sunspot studies directly available for solving the problem of 
stellar variability. Now what do we really know about the 
production of sunspots ? Not much more than that they arise 
incidentaUy to the great circulatory process by which photo- 
spheric radiations are maintained. They arise, beyond question, 
when it is most active and tumultuous. Nor is there anything 
to show that the variation in their numbers depends upon an 
external cause. It seems, on the contrary, to result from 
peculiarities inherent to the solar constitution — from the in- 
tricate movements proceeding within the vast globe, and 
accommodating themselves somehow to those due to the 
swirl of its rotation — from fluctuating relations of heat and 
pressure — from the alternate accumulation and discharge 
of explosive forces, perhaps of a molecular nature. Similarly, 
the secret of stellar light -vicissitudes is held by the stars 
themselves, although superinduced modifications may also, in 
some cases, be recognised. But that their periodicity is 
essentially self-regulated becomes manifest through the con- 
sideration that it is materially influenced by colour. Not 
only a very large proportion of red stars are variable, but 
nearly all variables of long period are red. The length of 
the period, too, is very distinctly connected with the intensity 
of the colour. This was first noticed in 1873 by Dr. Schmidt 
of Athens;^ it was reaffirmed by Mr. S. C. Chandler, who 
concluded, after an elaborate study of all the facts, that " the 
redness of variable stars is, in general, a function of the lengths 
of their periods of light variation. The redder the tint the 
longer the period."^ And Mr. Tendell has quite lately 
> Adr. Naeh. No. 1897. * AOr. Joum. Nos. 186, 193. 



Digitized by CjOOQIC 



STAES VARIABLE IN LONG PERIODS 115 I 

! 

reached a similar conclusioD.^ Manj individual exceptions to 
the rule might be cited. But it prevails in a large sense ; and 
its prevalence enforces the obvious truth that the explanation 
of redness in stars lies very close to the explanation of their 
variability in long periods. 

^ Astr. Joum, No. 564. 
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CHAPTER IX 

VARIABLE STABS OF SHORT PERIOD 

We have seen, in the last chapter, that stars varying their 
light in periods of less than thirty days stand apart in 
several important respects from those undergoing slower 
changes. The distinction is accentuated by the tendency 
apparent in each class to group its members as far as possible 
from the frontier-line of separation. Thus, most long periods 
exceed two hundred days, while a large majority of short 
periods fall below eight. The total number of stars so far 
found to be variable within a calendar month is eighty 
(besides a multitude of faint objects crowded together in 
clusters); of these seventy complete an oscillation in less 
than ten days, while sixteen have periods measured by hours. 
Fig. 10 gives a graphical conspectus of these facts. 

Variables of short period are, as we have said, nearly all 
*white or yellow stars, showing spectra of the Sirian or solar 
type. They fluctuate much less extensively and much more 
precisely than Mira- variables. In many rapid stars the light 
ebbs and flows like clockwork as to time, and as to measure, 
with deviations scarcely of the tenth of a magnitude firom a 
settled standard. These remarkable changes progress gradually 
and continuously in Pickering's fourth class of variables ; in 
his fifth class they only interrupt, although at perfectly regular 
intervals, the usually steadfast shining of certain stars. Of 
these two kinds the former is conspicuously exemplified in /3 
Lyrae — a star of which we have already made the acquaintance 
in connection with its gaseous spectrum — the latter in Algol. 

Further distinctions, however, have to be madei Class IV. 
really comprises three separate families, which may conveni- 

116 
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ently be designated as Cepheid variables, Cluster variables, and 
Geminid variables. Their several characteristics we shall now 
briefly indicate. 

One peculiaritj, full of meaning in itself and in its 
implications, is common to them all They are, probably 
without exception, close binary systems revolving in the 
period of light-change. This was long ago suspected of stars 
undergoing brief phases of obscuration ; and the fact, as regards 
Algol, was definitely ascertained by Dr. Vogel in 1888. About 
thirty analogous objects are already known, and there is slight 
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Fro. la— Distribntion of 80 Variable-Star Periods under 20<<. 

risk of error in describing them generically as " eclipsing stars.'' 
Far more surprising was the discovery that stars fluctuating 
in a manner inconsistent with the eclipse hypothesis shared, 
nevertheless, their compound nature. Take, as an example, 
S Cephei, the light-curve of which is depicted in Fig. 11. It 
is by no means sjnnmetricaL The ascending is much steeper 
than the descending branch, and the latter is besides markedly 
inflected. Now the great majority of sporadically occurring 
short-period variables belong to the type thus illustrated. In 
many, it is true, the pause in the decline from maximum is feebly 
accentuated or imperceptible ; but most gain brightness about 
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twice as quickly as thej part with it, and all accomplish their 
changes bj uninterrupted gradations. They are continually 
on the move ; they have no definite halting-phioes, either at 
TnaTi'muTU or at Tninimum. This mode of variation is dearly 
irreconcilable with eclipse-conditions, and the anticipations of 
reason have been confirmed by experience. Yet the objects in 
question are, in point of fact, binary stars, and their revolutionB 
strictly control their light-changea This is known &om the 
synchronism of the two kinds of observed effect — of the 
spectroscopic alterations due to orbital movement, and of the 
photometric periodicity. The variable radial velocity of 
S Cephei was detected by B^lopolsky in 1894 ; ^ and that of 
71 Aquilse, a star similarly variable, in the following jrear.' 
In both systems the companion-body is obscure ; in both the 
occurrence of eclipses is precluded by the circumstances of 
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Fxo. 11.— LlghU3iir?e of Ddte CepheL 

movement. Both stars give spectra of the solar type. The 
further recognition, as spectroscopically double, of the Cepheid 
variables, X, W, and Y Sagittarii,* of T VulpeculsB* and 
S Sagitt», adds weight to the accumulating evidence that 
the peculiarity may be generalised. There need be no hesita- 
tion in afiSrming that the pattern of variation set by S Cephei 
is prescribed by the cirding, in an identical period, of a 
usually non-luminous companion. 

" Cluster variables " are met with by the score in certain 
globular clusters, and scarcely at all in the open sky. Hence 
their current title. Their discovery by Professor Bailey in 

^ Astr. Naeh. No. 3257 ; Aatroph. Joum. vol. I p. 160 ; Bull de UAwd, 
ds St. P4Ur$b<mrg, Not. 18»4, No. 3, p. 268. 

* AHroph, Jaum. vols. vi. p. 898 (B^lopolaky) ; ix. p. 59 (Wright). 

' Slipher, ButUtin of the Lowell Ohawvatory, No. 11 ; R. H. Curtiss, Litk 
Bull No. 62. 

^ Frost, Aitroph, Jowm, vol. zz. p. 296. 
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1895 remarkably illustrated the perfection to which the 
photographic method has been brought. To individualise the 
minute, thronging components of compressed clusters would, 
until lately, have been regarded as a notable feat ; to follow 
their variations of lustre through brief cycles of about twelve 
hours, and to determine their special character, might well 
have seemed impossible. The camera alone is competent 
to undertake work at once so delicate and so comprehensive. 
With two or three of the most powerful telescopes in the 
world, these tiny light-specks can, indeed, be observed to 
good purpose (as Professor Barnard has shown); but only 
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Fio. 18.->T7pfcal Ligfat-Corves of doBter Variables. 

one by one, and they demand wholesale treatment. Some 
star-globes contain shoals of variables; over 500 have so 
ffiur been registered, besides upwards of a thousand in the 
Magellanic Clouds.^ The variations of stars in clusters, more- 
over, are by no means vague or indeterminate. They are 
executed with punctuality and precision in periods, very 
generally, of less than one day. Three light-curves, two 
typical and one individual, are shown in Figs. 12 and 13. 
They are copied from Professor Bailey's drawings illustrative 
of his elaborate discussion of the conditions of variability in 
the great southern cluster to Centauri' And they are, in all 

^ Pickering, Ea/rva/rd Circular^ Nos. 82, 96, 100. 
* Harvard Annals, toL xxxviiL 1902. 
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Fio. 18.— lifl^i-Ciirve of No. 45 Omegft Gflntanxi. 



such groups, Strangely uniform. A swift rise to maximum, 
and a prolonged halt at minimum, are their leading traits. 

Cluster variables are dis- 
tinguished from Cepheid 
variables, partly by the 
suddenness of their up- 
springing, but most essen- 
tially by the relatively 
protracted duration of their 
dim phases. About half of 
each period is spent at a dead level of low light ; then all at 
once tripled brightness supervenes, to ebb away again by slower 
gradationa 

Why stars thus singularly affected should so strongly tend 
to herd together, none can at present attempt to divine ; but 
the exceptions to the rule of aggregation claim particular 
attention, if only for their rarity. One of them is S Arse, 
noticed as variable by Mr. Innes in 1898.^ The curve by 
which he delineated its course of change is copied on a reduced 
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Fio. 14.— Ligfat^urve of 8 Ans. 

scale in Fig. 14. Scarcely distinguishable from one of Bailey's 
typical tracings for the variables in a> Gentauri, it shows a 
stationary minimum lasting four hours, then a more than two- 
fold increase of lustre within an hour and half, followed by a 
leisurely decline in approximately five and a half, by which 
the cycle of nearly eleven hours is completed. Y Lyrae is 
almost the alter ego of S Arse. Mr. Stanley Williams deter- 
mined its period to be 12^ 4"", the rise from US to 12-3 

^ Cape Annals, vol. iz. p. 126b ; Astr, Joum, Nos. 491-92 (Roberts) ; 
Monthly Notices^ toL Izi. p. 163. 
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magnitude being accomplished in 1^ 30™; and he has since 
associated with it a star in Cygnus (designated " U Y Cygni ") 
following nearly the same prescription of change.^ Madame 
Ceraski's cluster-variable, also situated in Cygnus, is believed 
to have the extraordinarily short period of 3^ 12", and an 
oscillation-amplitude of approximately one magnitude. Dis- 
covered photographically in 1904, it demands special and 
adroit study. 

The third sub-class of short-period variables, called 
"Greminids'' from their exemplar ^ Geminorum, alter in 
brightness by continuous and symmetrical gradations. Their 
maxima are placed about midway between their minima. All 
(we need not hesitate to say) are binary systems, but some at 
least are exempt from eclipses. The line, however, separating 
them from occulting variables is very feebly traced. Whether 
or no eclipses occur has to be decided by a distinct investiga- 
tion for each individual star, and the process of decision 
advances slowly. Only in one case a conclusive reply has 
been obtained, and it is in the negative. B^lopolsky and 
Campbell independently, in 1898,^ recognised ^ Geminorum 
as a spectroscopic pair revolving in the period of light-, 
change (10^ 4^). One component is invisible, yet the 
observed minima are not due to its intervention, since their 
epochs are not those of conjunction. Eclipses can naturally 
only take place when the two bodies concerned are in the 
same line of sight ; and the spectroscope intimates their being 
in the same line of sight by the reduction to zero of their 
radial velocity. They must, in other words, at the time of 
occultation, be moving across the line of sight. The non- 
fulfilment of this condition by ^ Geminorum excludes it 
peremptorily from the number of eclipsing variables. 

The light-curve of U Vulpeculae (see Fig. 15)* so closely 
imitates that of f Geminorum that we need have no doubt of 
the stars being similarly circumstanced. S Antliae, formerly 
taken for an Algol variable, belongs to the same category. At 
its maxima the flow of change is so slack as to suggest an 

^ Monthly Notices, vols, briii. p. 304 ; Ixv. p. 686. 
* Astr. Nock. No. 8565 ; Astroph, Joum, voU. iz. p. 86 ; xiii. p. 90. 
s Miaier and Eempf, Astr. Nach. No. 8488 ; Loizet, ibid. No. 8570 ; 
Karvard Oircular, No. 41. 
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actual standstill, while the minima aie comparatively sharp, 
and the entire cycle is accomplished in 7^ 47°^. It 
yielded, so far, no spectroscopic signs of duplicity. 
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Fio. 16.— Llght-Cnrve of U Volpeeale. 



Some Geminid stars are subject to what may be called a 
double periodicity. They dip, that is to say, to a secondary 
minimum placed half-way between two equal maxima. This 
mode of variation is brilliantly illustrated in /3 Lyrae, the 
saddle-back curve of which is shown in Fig. 16. Its fluctua- 
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Fio. Id.— 'Light-Carve of ^ Lyx» (AxgelanderX 

tions, detected by Goodricke in 1784, were completely tracked 
out by Argelander in 1844.^ Their cause is nevertheless still 
involved in perplexity. The star is known to be binary, but 
the complex changes in its bright-line spectrum profoundly 
embarrass measurements of its velocity. The evidence at 
hand does not preclude the hjrpothesis of disparate obscura- 
tions at the primary and secondary minima respectively ; it 
does not, however, enforce it, and a solution to the enigma 
presented by this star will perhaps be most easily obtained by 
the indirect means of studying it at second-hand in analogous 
objects of less complicated relationships. 

^ Dt Stelld p Lyra DiaquMttiG, 
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One such is found in V Puppis, the light-curve of which, 
as drawn by Mr. A. W. Eoberts, is shown in Fig. 17. Its 
similarity with that of fi LyrsB does not need to be pointed 
out. If the occurrence of a double eclipse can be proved in 
one case it may be presumed in the other. A spectroscopic 
pronouncement on the point is awaited with much interest, 
and should not be difficult to procure. Already, in 1896, 
Y Puppis was ascertained by Professor Pickerii^ to be a 
spectroscopic binary, composed of two unequally bright stars.^ 
Nevertheless we are still ignorant as to whether their move- 
ments satisfy the requirements of the occultation-theoiy. 
Meantime the photometric data collected by Mr. Eoberts have 
been shown by him to agree remarkably well with the light- 
variation resulting from the mutual eclipses of two' bodies 
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Fio. 17.— Light-Curve of V PappiB. 

circulating in contact.^ Actually in contact they should be, 
perhaps even confluent; but this involves no mechanical 
impossibility. It would, however, involve the consequence that 
the mean density of the double globe of Y Puppis could not 
exceed ^^ that of the sun. Other analogues of fi Lyrse are 
U Pegasi, E Sagittae, with a period of 70, and Y Yulpecute, 
accomplishing its changes in 75 days.' That the spectroscope 
win eventually supply evidence of their binary character is 
scarcely doubtful, but it does not follow that all or any of 
them are eclipsing binaries. 

We would now invite our readers' attention to the five 
light-curves grouped together in Fig. 18. They are copied 
from an instructive paper presented by Mr. A. W. Eoberts of 

^ Hanoatrd OirevkUvr^ No. 14. 

* Astroph. Joum, vol. ziii. p. 181. 

* Asir. Naeh. No. 8929 (Stanley WiUiunfl). 
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Lovedale to the South AMcan Association for the Advance- 
ment of Science at its first meeting in 1903. It embodies his 
principal conclusions regarding stellar eclipses, and vividly 
illustrates both the variety of conditions under which they 
take place and the difficulty of pronouncing, in certain cases, 
for or against their genuine occurrence. Thus, the light-curve 
of E' Centauri (No. 6, the lowest in the diagram) is that of a 
Greminid star. The stationaiy mayimum characteristic of 
Algol variables is absent. Mr. Eoberts, nevertheless, considers 
the star to be composed of two egg-shaped bodies rotating 
on a common axis in 14^ 3 2°^, and sending us more or less 
light according as we see them broadside or end-on.^ The 
forms corresponding to the observed variations in brightness 




Fio. 19.— System of B^ CenUuri (Roberts). 

are depicted in Fig. 19, the dotted lines indicating Darwin's 
figure of equilibrium for a liquid globe on the brink of fission 
through accelerated rotation. The close agreement between 
the forms arrived at from photometric and mechanical con- 
siderations respectively is of strongly persuasive import 

Curve No. 4 in our figure is of an intermediate type. 
X Carinse verges towards the condition of unceasing change 
visible in fi Lyrse and S Antliae ; yet brief intervals of stable 
shining appear to interrupt the processes of decline and 
recovery, which Mr. Eoberts expounds as the phases of a 
protracted double eclipse. Two stars, somewhat unequally 
brilliant, are believed to be concerned in them, the minima 
being slightly unequal The orbital period of 26 hours thus 
includes two light-periods. 

1 Agtr. Joum. Noa. 878, 884 ; Aitroph. Journ. toI. z. p. 812 ; MiynMy 
Notices, Yol. bdii p. 527. 
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The variability of R^ Velomin, suspected by Kapteyn, was 
established by Innes in 1901, and farther defined by Boberts.^ 
It has a period of 1"^ 20^^; and the light-curve (Fig. 18, 
No. 3) intimates the occurrence, within that span, of an 
abortive, as well as of a sharply pronounced eclipsa A 
bright and a dusky star are thus perceived to be combined in 
this system. Each time that they come into conjunction 
there is a noticeable diminution of their joint light, but the effect 
is conspicuous only when the lustrous body passes behind its 
companion. 

The curve of R Arse (No. 2) includes no secondaiy 
drop. This shows the occulting globe to be sensibly obscure. 
Its concealment makes no difference in the sum -total of 
light. 

S Velorum is one of many variables detected during the 
construction of the Cape Photographic Durchmusterung. Mr. 
C. Bay Woods first noted its fluctuations in 1894,' and Mr. 
Roberts ably investigated the nature of the system in which 
they anse.^ A large semi-obscure star has, it appears, a com- 
paratively small but much brighter companion revolving in 
5^ 22^\ The obscuration represented by the profound 
gap in the curve (Fig. 18, No. 1) is due to the transit 
of the dim primary over its lucent satellite, which it 
completely hides during a minimum lasting 6^ 35™. For 
so long, in short, one star is, to our vision, substituted for 
another. This ingenious theory, however, is hampered by the 
anomalous consequence that the lustrous globe must, on its 
showing, be twenty times denser than its obscure attendant 
Its final acceptsLUce depends upon the verdict of the spectro- 
scope. 

We have insensibly passed on from Geminid stars to the 
consideration of Algol variables. These, which form Pickering's 
Claas v., are of very peculiar interest j6x)m the amount of pre- 
cise knowledge which they place at our disposal Their 
characters, accordingly, invite close scrutiny and minute com- 
parison with theory. Variability is in them by short accesses, 
and consists always in a temporary loss of light They 
undergo, in fact, what are now known to be real eclipses at 

I Astr. Jaurf^ No. 608. a Monthly Notices, voL Iv. p. 211. 

Astr, J<mm. No. 827 ; Astroph. Joum, rola. iv. p. 270 ; x. p. 814. 
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stated intervalsy while shining, for the most part, as steadily 
as ordinary stars. Their detection is for this reason so difficult 
that, until the era of photographic discovery began, acquaint- 
ance with them was casual and scanty. Now, however, about 
thirty figure in our catalogues, the designations of which are 
given in Table IIL of our Appendix ; and the list excludes such 
dubious instances as S Antliae, in which the occurrence of 
eclipses is still srib judice. 

The eponym of the class is curiously exact in its changes, 
which have been long and accurately observed. Their extra- 
ordinary character was determined, and an explanation of them 
by interpositions of a dark satellite suggested by Groodricke in 
1783, since when some 15,600 mininia have occurred in a 
manner perfectly consistent with the hypothesis. It became 
then of great interest to test its absolute truth, and the first 
means of doing so were afforded by Professor Pickering's strict 
inquiry into the conditions of the supposed recurring edipse.^ 
They proved to be all but perfectly complied with. Outside 
of the twelve hours during which the "Demon-star" pairts 
with and regains two-thirds of its light, it displays the re- 
quired uniform lustre. The oscillation is the same, or very 
nearly the same, in duration and extent now that it was fifty 
years ago, and that it probably will be fifty years hence. The 
precision of its performance seemed to correspond far better 
with the results of geometrical rule and measure than with 
those of the complex interaction of physical causes ; and the 
spectroscope testified in the same sense by showing the sur- 
viving light at minimum to be of unchanged quality. It is 
dimmed, as if in large measure cut off, but betrays no symptom 
of intrinsic modification. These singular correspondences have 
not proved deceptive. The postulated eclipses actually take 
place. 

The manner in which their genuineness has been estab- 
Ushed illustrates the singtdar versatility of modem methods 
of research. No problem in which distant light-sources 
are concerned seems hopelessly beyond their grasp. The 
received explanation of Algol's changes evidently involved 
the mutual revolution, in a period identical with theirs, of the 
eclipsed and eclipsing bodiea And since their orbits, to admit 
^ Proe, Amer. Acad, toL Tiii. (1881), p. 17 ; Ob§$rvatory, vol. ir. p. 116. 
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of a transit of the satellite over the primaij, should Ue almost 
edgewise to our sight, practically the whole of their velocity 
should, in the course of each revolution, be directed alternately 
straight away from and straight towards the earth. Here, 
accordingly, spectroscopic measures, recommended by Professor 
Pickering,^ were clearly applicable; and their photographic 
execution by Professor Vogel in 1888-89* eventuated in one 
of the most remarkable verifications of theory on record. 

Sefoie each minimum Algol was found to be moving 
away from the sun (independently of a continuous translation 
towards him of 2^ miles a second) at the rate of 26^ English 
miles per second; after each minimum, to be approaching 
with an equal speed; while at intermediate times the im- 
printed lines, by resuming their normal positions in the 
spectrum, proved the star to be then moving perpendicularly 
to the visual ray. Multiplying this velocity (of 26^ miles) by 
the number of seconds in Algol's period (247,735) we get an 
orbital circumference corresponding to a diameter of (in round 
numbers) two million miles. Moreover, since the proportionate 
dimensions of the bright and dark bodies are shown by the 
amount of obscuration of one by the other to be very nearly 
as 100 to 83, their relative masses would also be known, if 
we could be sure that they axe of the same mean density. 
The assumption as regards a mass shining with great brilliancy 
and one almost totally dark is certainly a hazardous one, but 
it receives some warrant from the example of the sun and 
Jupiter. By its aid Professor Vogel arrived at the following 
provisional data for the system of Algol : — 



Diameter of Algol 


1,061,000 English mile& 


„ satellite 


834,300 „ 


Distance from centre to centre 


3^230,000 „ 


Orbital velocity of Algol . 


26-3 milee per sec 


„ „ satellite 


66-4 


Mass of Algol 


4 solar mass. 


„ satellite . 


* » 



In the accompanying diagram C marks the centre of 
gravity round which both stars revolve with velocities in- 
versely proportional to their masses. Thus, Algol travels in 

^ Proe. Amer. Acad, vol. viiL p. 34. 
.« Astr. Naeh, No. 2947. 
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an orbit of only half the compass of that of its companion, 
because possessed of twice its attractive force. It is easy to 
see^ too, that the duration of the eclipse compared with the 
length of the period gives the relation between the diameter of 
the occulted body and the diameter of the orbit of the occulting 
body, so that the absolute dimensions of one becoming known, 
those of the other follow. 

The density alike of Algol and of its satellite must be less 
than a quarter that of the sun, or 0*38 that of water. They 
are both then presumably gaseous. Some slight dissymmetry 
in the phase-curve, formerly per- 
ceived or imagined, and set down 
by Dr. Wilsing ^ to the account of 
elUpticity in the path pursued, 
has not of late been verified.^ 
Although the interval between 
Algol's successive eclipses shortened 
by eight seconds between 1790 and 
1880, when the process became 
reversed, it does not follow that 
the star's orbital period is subject Vbftrk8at«int« 

to alteration. Dr. Chandler holds pio. ».-Ajgoi daring an bcUpm. 
the inequality to be merely apparent 

— ^to represent the time occupied by light in crossing a wide 
ellipse described by the occulting pair round a supposed dark 
primary.* The visibility of the phases would, if that were so, 
be alternately accelerated and delayed according as the body 
undergoing them was on the hither or the farther side of its 
great orbit Nor is it impossible that Chandler's theory may 
ultimately be directly verified by the micrometrical measure- 
ment of undulations in the proper movement of Algol ^ 
corresponding to its suggested spacious circuitings in a period 
of about 118 years. M. Tisserand, on the other hand, rejecting 
the idea of a triple system, explained the deviations of the 
eclipses from their normal epochs by a progression of the 
line of apsides due to the presumed spheroidal shape of the 

1 Astr. yaeh. No. 2960. 

» O. Mtiller, Ibid. No. 8782 ; H. 0. Vogel, F. J. S. Astr. Oes. Bd. xxxri. 
p. 140. 

' Astr. Joum. Nos. 255-66, 509. « Boss, ibid. No. 848. 

9 
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contiguous globe&^ This would necessarily bring about a 
cyclical fluctuation in the eclipse -period Yet here, too, 
confinnation is still lacking; the implied eccentricity of the 
star's orbit not being spectroscopically apparent. 

It needs no argument to prove that the edipse-theory of 
the variable in the head of Medusa must apply to all other 
members of the same sharply characterised class. Many of 
them, however, present anomalies which are the more de- 
serving of careful study that they may one day throw an 
important light on the circumstances imder which combina- 
tions of the indicated kind exist. 

The light-change of S Cancii was discovered by Mr. Hind 
in 1848, and its peculiar nature ascertained by Argelander in 
1852.* The star remains steady during thirteen-fourteenths 
of its period, then declines, in eight hours and a half, to less 
than one quarter of its usual brightness, which it regains in 
the course of thirteen hours more. The process of recovery, 
besides being abnormally slow, is interrupted soon after it has 
begun by a marked pause,' represented graphically from 
Schonfeld's observations in Fig. 21. The compass of this 
star's change appears to be by no means invariable. On April 
14, 1882, Schmidt observed at Athens a minimum nearly two 
magnitudes fekinter than any he had seen before. During one 
hour the star remained sunken nearly to the twelfth magnitude.^ 
The period of S Canci;i is subject to a perturbation with a 
range of about forty minutes, and embracing rather more than 
three hundred minima.^ 

Inequalities of this kind, which in Algol sum up to a few 
seconds in a century, and grow to many minutes in S Cancri, 
are in X Tauri counted by hours.* Their method and cause 
have still to be unravelled. The companion of X Tauri is 
not, like that of Algol, entirely obscura M. B^lopolsky 
spectrographically resolved the variable, in ISS?,*^ into an 
unequally bright pair, revolving in 3** 23^ the period of light- 

^ Comptes Randus, t ozx. p. 125. 

s AUr. Nach. No8. 796, 804, 806. 

> Vterteljahruehrift Astr, GtB. Bd. ix. p. 230. 

* Astar. Naeh. No. 2491. 

' Argelander, Bowmt Beob. Bd. yiii. p. 397 ; Schonfeld, Sirius^ Bd. x. p. 68. 

" Schonfeld, JdhreshericM, Mannheim, Bd. zl. p. 76. 

» Astr. Naeh. No. 8474. 
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change. A secondary minimmn^ detected by M. Plassmann in 
1890/ corresponds to the occultation of B^lopolsky's faint 
component, as the chief minimum does to that of its primary. 
The disparate coupled eclipses of K* Velorum (Fig. 18, No. 3) 
are thus repeated by X Tauri 

The variations of U Cephei, first recognised by M. Ceraaki 
at Moscow, June 23, 1880, are unusually rapid and extensive. 
In four and a half hours the star is reduced to about one- 
ninth its ordinary lustre, losing light, at one stage of its 
dedine, at the astonishing rate of more than one magnitude 
an hour! The obscurity lasts an hour and a half, but not 
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Fio. 2L~Hinimiim of 8 Cancri. 

with entire uniformity.' The lowest point is touched at 
first,' and a pause in the ascent, like that inflecting the light- 
curve of S Cancri (see Fig. 21), is indicated. Mr. Tendell, 
on the other hand, pronounces the light-curve to be sym- 
metrical, and r^ards the Tm'nima as annular eclipses of two 
hours' duration.* Some complicated irregularities in the period 
of U Cephei have been ascertained by Dr. Chandler, and M. 
Plassmann observed the minimum of April 27, 1902, to occur 
2^ 27" later than the calculated time.^ 

The period of T Cygni, added to the list of Algol variables 

^ FUasmann, Die terancUrliehen Sterne, p. 42 ; Joum. BrU, Astr, Asi, toI. 
I pp. 187, 266. » Bohlin, Astr. Nach, No. 8762. 

' Chandler, A$lr. Jaum, No. 199, p. 68. * Aetr. Joum, No. 661. 

» Aetr, Naeh. No. 8796. 
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hj Dr. Chandler, December 9, 1886, averages about a day 
and a half,^ but fluctuates to an extent unparalleled in this 
kind of star. The retardation of its phases between 1887 
and 1888 amounted to seven hours, totally disconcerting pre- 
diction, and the period soon afterwards set about shortening 
as rapidly as it had lengthened before.^ The actual change 
does not exceed half a second at each of the returns, but these 
are so numerous that the accumulating errors sum up in a 
short time to a startling aggregate. They have been success- 
fully rationalised by M. Dun^r* on the principle applied by 
Tisserand to the irregularities of Algol. The phases of Y 
Cygni, however, are duplicated, the conjoined stars being twins 
in size and splendour. Hence they take it in turn to be 
eclipsed, and revolve in twice the mean interval between their 
conjunctions. Their orbit hsw an eccentricity of 0'145 ; its 
major axis completes a gyration in forty-one years; cmd its 
varying position with re^rd to the line of sight determines 
the amount by which any individual eclipse falls behind or 
anticipates its due epoch. The system of Z Herculis, although 
composed of dissimilar stars, exhibits analogous symptoms of 
perturbation to those presented by Y Cygni* 

Stellar eclipses, it need hardly be said, are purely relative 
phenomena. Their occurrence depends upon the situation of 
the observer. But the chance of their being visible from a 
distant point augments very greatly with the closeness of the 
revolving stars ; for which reason, and also because the phases 
recur more frequently when the orbit is narrow, Algol 
variables with periods exceeding four or five days are of 
extreme rarity. Until 1902, S Cancri was the only such 
instance known. In that year, however, Mrs. Fleming dis- 
covered in UZ Cygni a star with an edipse-interval of 31*3 
days,'^ or more than thrice as long as that of S Cancri Each 
of its minima lasts two days, and the loss of light amounts 
to two magnitudes. Secondary obscurations, symmetrically 
dividing the period, have lately been detected by Hartwig,^ 

I'Chandler, Astr, Joum. Nos. 163, 186. " Ibid. No. 204. 

' Aar, Naeh. No. 8467 ; Astroph, Joum. rol. xi. p. 176 ; Knowledge, toU. 
XT. p. 87 ; xvi. p. 166. 

* Dun^, Astr. Joum. Nos. 874, 884, 422 ; Astroph. Joum. roL i. p. 286 ; 
TendeU, Agtr. Joum. Nos. 328, 866. 

* Harvard Cfiroular, No. 66. " A9tr. Naeh. No. 8944. 
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and occasion some perplexity hj their apparent recalcitrance 
to the hypothesis of a double eclipse. Their observer, in fact, 
discards that hypothesis, and suggests instead the view that 
UZ Oygni is a " pear-shaped " body or " apioid," rotating in 
what was taken for the period of its systemic circulation. 

Eclipsing stars are remarkably tenuous bodie& The com- 
parison of the duration of their transits with the periods of 
their revolution supplies means for deducing a limiting value 
for their densities,^ and it was fixed by Mr. H. N. Russell in 
1899,^ from an average of seventeen stars, at one-fourth that 
of the sun. Mr. A. W. Roberts, working independently on 
the same lines, found the mean consistency of four southern 
Algol-pairs to be about one-eighth the solar.* The range 
of variety in this respect among such stars is evidently very 
considerable ; but all appear to be less compact than our sun. 
The circumstance is also noteworthy that eclipsing stars agree 
in showing a Sirian or a helium spectrum. No exception to 
the rule at least has yet come to our notica The solar type, 
on the other hand, predominates among ordinary short-period 
vaiiable& Variable stars of all classes are probably at 
enormous distances — even on the celestial scale — from the 
earth. There is no sign that any of them are included among 
the stars in our comparative* vicinity. One of the best means 
of forming a rough judgment on this point is by the amount 
of apparent motion ; and variables remain in general nearly 
fixed in the sky. Mira, perhaps the most mobile, shifts its 
position indeed to the not wholly inconsiderable extent of 
twenty-five seconds of £urc in a century, but measures for 
parallax would be much embarrassed by its changes of magni- 
tude, cmd have not yet been attempted. Dr. Chase's deter- 
mination of a distance for Algol* about ten times that of 
Siiius is the only piece of direct information yet obtained as 
to the remoteness of variable stars. 

Their distribution over the sphere presents some noticeable 
peculiarities. Contrary to what might have been expected, 
short-period variables, although on the whole much brighter 
objects than those of long period, tend much more decidedly 
to concentration in the Milky Way, while the preference for 

^ Maxwell Hall, Observatory, vol. ix. p. 224. 
' Aitroph. Jowm, vol. x. p. 816. ■ Ibid, p. 808. * Astr, Jowm. No. 818. 
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its plane belongs chieflj to fiEdnt Bt8u*s among those not vari- 
abla In Algol stars it is less strong than in periodical stars 
of Pickering's fourth class. These lie, for the most part, 
along a great circle nearly, but not quite coincident with the 
medial line of the galaxy.^ It is remarkable that their con- 
densation-level (as is shown by its being projected into a great 
circle) passes through the sun. Within the zone itself, there 
is an evident disposition towards clustering. Where the 
Milky Way divides in Oygnus, the variables follow its southern 
branch, and they are thickly sown over the whole sky-region 
from Lyra to Sagittarius.* Indications abound that the con- 
ditions of variability, and even of particular kinds of vari- 
ability, are localised in space. Thus, in Sagittarius no less 
than four stars fluctuate in periods of six to seven days, and 
many others are subject to slower or undetermined vicissitudes. 
Two adjacent stars in the Southern Triangle vary in unusually 
short periods. A small region near 17 Carinae includes six 
stars changeable in brightness.' Dr. Max Wolf hais lately 
published* a list of thirty -six variables grouped round 
h Aquilse. The Orion nebula and the Magellanic Clouds are 
veritable nests of fluctuating light-points. The new star 
which appeared in Scorpio in 1860 marked the centre of a 
group of nine or ten objects, all widely variable irregularly or 
in long periods. Five stars of a similar nature, including two 
virtually extinct Novsb, are collected in a small section of 
Ophiuchus, and in general the sites of temporary stellar 
apparitions are more or less closely dotted round with variables. 
There is reason to suppose that the circumstances favouring 
instability of light do not exist anywhere in the neighbour- 
hood of the sun. 

/ The northern pole of this circle, according to Pickering, is sitaated in 
R. A. 18h., Deo. + 20'. That of the Milky Way is in R.A. 12h 40m., Dec. +28*. 

* Chandler, Aatr, Joum, No. 198 ; Plassmann, Die veranderliehen Sterne, p. 85. 

* Gore, Knowledge, rol. adv. p. 198. * Astr, Naeh, No. 4006. 
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CHAPTER X 

THE COLOUBS OF THB ST^BS 

The stars differ obviously in colour. Three or four among 
the brightest strike the eye by their ardent glow, others are 
tinged with yellow, and the white light of several has a 
bluish gleam like that of polished steeL Beddish tints are, 
however, in the few eases in which they affect lucid stars, 
the most noticeable, and were the only ones remarked by the 
ancienta 

Ptolemy designates as " fiery red " (inroKippoi) the following 
six stars: Aldebaran, Arcturus, Betelgeuz, Antaies, Pollux, 
and — mirabile dictu — Sinus 1 all the rest being indis- 
criminately classed as "yellow" (^ivOoi). Now Pollux at 
present, though by no means red, is at least yellowish, but 
Sinus is imdeniably white with a cast of blue. A marked 
change in its colour since the Alexandrian epoch thus appears 
all but certain, the more so that Seneca makes express mention of 
the dog-star as being " redder than Mars." ^ Horace has " rubra 
Canicula " as typical of the heat of summer,^ and Cicero, in 
his translation of Aratus, speaks of its " ruddy light" Sig- 
nificant, too, in the same sense was the custom described by 
the grammarian Festus of sacrificing red dogs at the feast of 
the Floralia for the purpose of placating in the interests of 
the approaching harvest, the formidable and inimical dog-star. 
The whole subject has been learnedly discussed by Dr. See,' 
who may be said to have fairly esteblished his contention 
that the present white lustre of Sinus does not date back 
more than a thousand or 1200 years. In the tenth century 

1 QwBSt. Nat, I. L * Sat iL 5, 89. 

' Atir, and AstropkytieSf yoL xi. p. 269, etc 

115 
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the star was assuredly no longer red. Al Siifi, a genuine 
observer, pointedly omits it from the list of those exceptionally 
coloured, while adding to it " Cor Hydrae " and Algol ^ — ^Algol, 
now a silvery orb, if there be one in the sky ; yet it is worth 
recording that Schmidt noticed the Perseus variable as yellowish 
red in 1841, although he never in later years saw it otherwise 
than white.* 

The same observer was amazed, March 21, 1852, to per- 
ceive ArcturuB without a trace of the strong colour familiar 
to him in it during eleven previous years. In comparison 
with its paleness, Capella seemed bright yellow. Mars and 
Betelgeux glowed almost like fira' It was some years before 
the star resumed its original hue, and the reality of the 
change, admitted by Argelander, was certified by the observa- 
tions of Kaiser at Leyden.^ 

The periodical variations in colour of a Ursse Majoris, 
the "Pointer" next the pole, announced by Klein in 1867,* 
were long disbelieved in. Nevertheless, a series of observa- 
tions with Zollner's polarising colorimeter, executed in 1881 
by M. Kovesligethy, of the Gyalla observatory in Hungary, 
gave evidence of alternating fluctuations between red and 
yellow in a period of 64|- days ; ^ and essentially confirmatory 
results have recently . been obtained by MM. Lau and 
Wirtz.^ 

The colours of the stars visible to the naked eye are faint 
and pale compared with those disclosed by the telescope. 
The real gems of the sky are found low down in the scale 
of brightness. To some extent this is only what might 
be expected. Intense tints result from strong selective 
absorption in the atmospheres of the stars they distinguish, 
and strong absorption implies large loss of light. Stars shine . 
with the rays that have survived transmission through the 
glowing vapours in their neighbourhood, and the more 
nearly those rays are limited to one particular part of the 

^ Scl^ellerup, Deseription de$ £tcfUe$ Fixes, p 25. 

* Adr. Nock, No. 1099. 

' IHd. No. 999. 

^ De Sterrenhemel verklaari, Pt. i. p. 597. 

» Astr. Naeh. Nos. 1668, 2111. 

' Sirius, Bd. xiy. p. 258. 

^ Jakrbuch der Astronomie, Bd. ziy. p. 125. 
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spectrum, the purer and clearer the resulting tint will be. 
A true prismatic hue could accordingly be produced only 
through a vast reduction of brightness; but true prismatic 
hues do Qot exist among the stars/ the colours of which 
are always more or less copiously diluted with white light. 

The science of star-colours has hitherto made little 
progress. Attempts to set up a standard chromatic scale 
have not been successful,* and instrumental devices for ensur- X 

ing just and equable judgments may sometimes induce larger 
errors than they avert.^ Simple visual estimations, on the 
other hand, must be treated with great reserve, since " personal 
equation " in this matter often assumes enormous proportions. 
The extreme of colour-blindness is reached by comparatively 
few, but endless minor individualities of perception vitiate^e 
greater part of an accumulated mass of evidence which might 
otherwise justify inferences of real change. From the com- 
plex bundle of rays forming the image of a star," each retina 
picks out and accentuates those to which it is nibst highly 
sensitive, precluding the possibility of agreement as to delicate 
tints between many different observers. With both the 
Herschels, for instance, the equilibrium of colour was shifted 
towards the red end of the spectrum. Struve's assistant, 
Knoire, saw all stars indiscriminately white ; Admiral Smyth, 
on the contrary, discriminated between shades of colour alto- 
gether inappreciable to most of those who have profited by 
his " Cycle of Celestial Objects." 

Even of the same observer the impressions do not always 
agrea Fatigue and advancing years modifiy the colour- 
sense; and M. Safarik stated that stars invariably appeared 
redder to his left than to his right eye.^ Atmospheric condi- 
tions, too, are powerfully operative. Misty air blots out faint 
tints and alters strong ones, azure visibly turning green 
through its influence. Height above the horizon is another 
circumstance to be taken into account before any useful com- 
parisons can be made, while instrumental causes tend further 

' StruTe, Menaiwrut MierometrUay p. Ixxzyi. 

* See the system proposed by Franks, MorUMy Notices, yoI. zlyii. p. 269. 

' See the results given by Kovesligethy, Ueber eine neue MethodA der 
FarhenbesUmmufhg der Sterne, Halle, 1887. 

* VierteJjdhreeehrift Astr, Oes, Jahrg. ziy. p. 378. 
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to peiplex their upehot. Laxge apertures help of themselves 
to bring out colour/ especially in small stars, but the colour- 
correction of great re&actors is always imperfect, and the 
outstanding blue fringe usually conspicuous in them must by 
contrast give a reddish cast to the imag&^ Beflectors produce 
a similar effect through absorption of many of the higher rays 
by the silvered glass or speculum-metal forming their mirrors. 
And since with high magnification all hues merge, or tend to 
merge, into yellow, only medium powers should be used in 
colour observations. 

In this department then, discrepant statements by no 
means necessarily imply actual variation. The former abound; 
instances of the latter are met with, but can only be admitted 
with extreme caution. 

The study of star-colours divides naturally into two 
branches — one concerned with isolated, the other with com- 
pound objects. Inquiries in the first case are simplified by 
the curious and unexplained fact that single stars are never 
markedly tinged except with red or yellow. Vega makes the 
nearest approach in the northern hemisphere to an independ- 
ently blue star; 7 Toucanae, a Eridani, and € Pavonis are 
the " pale sapphires " of the southern sky. But they are very 
pale indeed — so pale as to produce no definite impression of 
colour upon ordinary eyes. Nor is the "emerald" tinge of 
fi librsB much more decided. We have accordingly to deal 
just at present only with " red stars." 

The earliest list of thirty-three of them was drawn up by 
Lalande in 1805.* "Ces itoiles," von Zach remarked in re- 
publishing it in 1822, "annoncent toujours quelque chose de 
particulier; or toute particularity m^rite d'etre observ^e.'** 
We have to a great extent got rid of the notion which pre- 
sented itself to John Michell in 1767,* that what they 
" announce " is the impending extinction of their own fires ; 
but their peculiarities have become, on that very account, all 
the more worthy of attention. Bed st8u*s are commonly 
variable both in light and colour ; the display of colonnaded 

^ Strave, Hens. Mtorom, p. Izzxvi Mr. Franks held the opposite opinioiL 

" Webb, Student, yol. v. p. 487. 

' Connoissance dee Teme pour Van 1806. 

* Cwrresp. Astr. t. viL p. 296. ' PhiL Trans, vol. Ivii. p. 238. 
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and zoned spectra belongs exclusively to them ; and they are 
frequently characterised by atmospheric incandescence as well 
as by atmospheric instability. Few of them can be watched 
long and attentively without being caught in some singular 
phase of change. 

Their systematic study began with the publication in 
1866 of Schjellerup's Catalogue of 280 red stars ;^ ten 
years later, Mr. Birmingham of Tuam completed a similar 
work comprising 658 entries,^ and Mr. Chambers laid before 
the Boyal Astronomical Society, April 6, 1887> a catalogue 
founded on his personal observations during seventeen years.' 
Of 711 nominally red stars in both hemispheres -he had 
examined 589, being virtually all those visible in England, 
with the result of finding the colour of most exaggerated. 
'' Orange " was to his eye the tint prevailing among them ; true 
'* reds " were scarce ; of stars meriting to be qualified as 
" carmine " or " ruby " he had not met above a dozen. 

More recent works of the kind have their value enhanced 
by spectroscopic indications. Such were added in 1888 to 
Mr. Espin's edition of Birmingham's Bed St8u*s, augmented to 
the number of 1472, and to Krtiger's Catalog der Fdrbigen 
Sterne (Kiel, 1893), which includes 2153 more or less deeply- 
tinted objects. 

None present saturated colours. The perfect crimson of a 
solar prominence cannot be matched among the stars. Their 
hues result from atmospheric action, and stellar atmospheres 
are only partially effective in sifting the prismatic rays. Bed 
stars are none the less striking telescopic objects. Their light, 
even in the less distinguished specimens, has a lurid glow 
which at once marks them out from ordinary stars, and those 
of deeper tints shine with an ardour recalling the wrathful 
intensity of a stormy sunset The contrast between a red and 
a white star in the same field of view is sometimes most 
vivid and beautiful Thus, in the southern constellation 
Grus, 71^ and tt* show like little burnished discs of copper and 
silver respectively, seen under strong illumination. 

^ Astr. Naeh, No. 1591 ; reprinted with namerous additionB in Vwrteljahrs- 
khirift Adr, Oes. Jahrg. iz. p. 252. 

* Jlemoirs J2. Irish Acad, toL xxvi. p. 249. 
' JlofUhly Notices, vol. xlviL p. 348. 
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Among conspicuous stars, Antares, in the heart of the 
Scorpion, is the ruddiest, Betelgeux comes next ; while Alde- 
baran and Arcturus have figured immemorially in the short 
list of visible fiery objects, to which Al Sdfi (as abeady men- 
tioned) added a Hydrae, and Father Noel 7 Cruds. But their 
colours are mere pale shades compared with those instru- 
mentally brought into notice. " Band's crimson star," other- 
wise known as B Leporis, appeared to its discoverer in 
1845 like '' a drop of blood on a black field" As with most 
other variables, however, increase of light brings with it a 
paling of colour. Near maximum, intense redness gives place, 
partly through a well-known physiological effect,^ to a coppery 
hue. Its spectrum is of the fourth type, with particularly strong 
absorption of the blue rays, a very small proportion of which 
penetrate its dense veil of carbonaceous vapoura 

A similar object, now known as V Hydras, is No. 16 of 
Lalande's, No. 136 of Schjellerup's Bed Stars, and was re- 
corded by Dr. Copeland at Dunsink, March 22, 1876, as 
" brown red," and of 7*2 magnitude.* But three years later, 
Dr. Dreyer found it risen to the sixth magnitude, and of a 
'' most magnificent copper red," while Birmingham observed it 
in 1874 as of the eighth, Dun^r in 1884, as faded to 9*5 
magnituda Its fluctuations of light are comprised in a 
nominal period of 675 days. 

Close to one of the gems of the Southern Cross, an eighth- 
magnitude star was described by Sir John Herschel to be of the 
fullest and deepest maroon red, the most intense blood-red of 
any star I have seen. It is like a drop of blood when con- 
trasted with the whiteness of )3 Crucis."' Among other 
southern stars remarkable for colour are B Sculptoris, no 
less " intensely scarlet " now than when Gould saw it at Cor- 
doba, B Doradiis, glowing like a live coal out of the darkness 
of space, and L, Puppis, all of them noted variables. 

In the northern hemisphere, Y Cygni bears the pabn for 
depth of tint, especially as its light diminishes ; and not far 
inferior to it are B Cassiopeise, B Leonis, B Crateris, and 
Mira, with U Cygni and U Cassiopeia©, both splendidly set ofif 

1 Osthoff, AtlT, Naek, No. 8W0. 

* Dunsink Observations, voL ir. p. 65. 

' Cape Observations, p. 448. 
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bj the vicinitj of blue attendants. Crimson, indeed, verges, 
in these and other periodical stars, more and more towards 
orange lu their brightening phases, yet they remain pretty 
constantly "red." A few cases of complete if temporary 
change of colour have, however, been recorded. Thus, a 
seventh-magnitude star in the Lynx (90 Schjellerup) noted 
by Struve as " rubra," by Secchi as " bella gicJla," seemed to 
Birmingham, January 13, 1874, blue or bluish white, a con- 
firmatory and nearly contemporaneous observation being made 
at Greenwich.^ A star of 8^ magnitude (148 Schjellerup) 
called "scarlet" by Lord Kosse in 1861, "dark red" by 
d'Arrest, December 8, 1866, showed " no colour" to Birming- 
ham, May 8, 1874. Dun4r found it, nevertheless, of a deep 
orange red in 1884, and it is chcuracterised by a fine colon- 
naded spectrum. Again, Schjellerup was struck with the 
redness of a star in Aquila' in 1863, which, ckfter an interval 
of ten years, struck Birmingham as actually bltie; and 
similarly a bluish-white object occupied the place, November 
14, 1850, of a star in Taurus (Schjellerup, 64 5) marked 
" very red " by Hind, September 3, 1848,* which Dreyer per- 
ceived as once more red in January 1879, but Espin as white 
with a continuous spectrum, January 10, 1888. One further 
instance may be mentioned. A fifth-magnitude star in Argo, 
known as r Velorum,* was notoriously red during Gould's stay 
at Cordoba. But it seemed leaden white to the present 
writer in the autumn of 1888, and was observed by Mr. 
Tebbutt in March 1891 as barely tinged with red, though the 
tinge became more decided on substituting an 8 -inch for a 
4^-inch equatoreaL ^he spectrum of r Velorum closely 
resembles that of Aldebaran. 

The changes of colour visible in temporary stars have 
generally been in an opposite direction to those of ordinary 
variables. Their sanguine tints faded, instead of deepening 
with the decline of their light. Thus, Tycho's star, though 
it passed through an intermediate stage of redness, was of a 
leaden white when it disappeared. T Corona ran nearly the 

1 Meniairs M. Irish Aead, toL xzyi p. 269. 

■ No. 0808 of the Copenhagen OatcUogue; Ko. 214 of SehjelUrvp's Red 
Stars. 

* Monthly Notices, toL zi. p. 46. 

« The pUoe of the otar for 1900 U R. A. 10>^ 18n*l, D.41* 9'. 
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same course. Nova Ophiuchi (1848) and Nova Andromedae 
were ruddy at first, colourless later. Nova Cygni from orange 
turned bluish. The colour changes of Nova Persei were not 
the least curious part of its history. Purely white at its 
outburst, February 22, 1901, it rapidly flushed to a deep red, 
which lightened to orange during the spasms of intermittent 
brightening observed in March and April The steady decline 
of the star was nevertheless accompanied by a progressive loss 
of colour, until on February 5, 1902, it showed to Professor 
Barnard greenish-white, Uke Neptuna^ Its nebular spectrum 
was by that time fully developed ; but its antecedent redness 
was unaccounted for by any marked absorption in the blue or 
green. Nova (Jeminorum similarly glowed vividly at first, 
but blanched with the waning of its sudden access of light 
In its case, however, the predominance of red hydrogen in its 
emissions explained the initial ruddiness of its hue. Professor 
Barnard * was able, by suitably drawing out the eye-piece of 
the Yerkes 40-inch refractor, to form on the C-line a crimson 
image of the star as purely tinted as a solar prominenca 
This is the only ascertained instance of the production of 
stellar colour by direct radiation instead of by complementaiy 
absorption. 

Bed stars are very unequally scattered. Certain wide 
tracts of the sky are nearly destitute of them ; in some, they 
occur profusely. The Milky Way between Aquila, Lyra, and 
Cygnus was called by Birmingham the " Red Begion " ; * yet 
other galactic consteUations, such as Perseus and Cassiopeia, 
might be said, on a preliminary survey, to consist of white 
stars.* 

Evidently, however, real partialities of colour-distribution 
must be to a great extent masked by the piojection, to the 
eye, of objects at indefinite distances from each other upon 
the same portion of the sphere. Hence extensive local 
collections of similar stars may be so confused with overlying 
and underlying aggregations as to be completely unrecognis- 
able. Smaller groupings are more readily detected. It is by 

1 Monthly Noticei, yoL brii p. 418. 

* Aatroph, Jowm. toL xviL pp. 802, 876. 

* Memoin R, Irish Acad, yoL zzyI. p. 255. 

^ Franks, Monthly Notices, vol. xIyL p. 843 ; see alsoOsthoff, Wochenschrift 
fUr Astr. Bd. xix. (1876) p. 826. 
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no accident that, in the immediate neighbourhood of one red 
star, otheis are so apt to be met with ; and the " brick red " 
and " ruby " pairs included in Herschel's Cape list, may with 
confidence be assumed to be severally in some sort of physical 
connection. Bed stars, it was remarked by the same authority, 
are conspicuous in many clusters both by brightness and 
situation ; and Father Secchi was struck with the critical 
positions of such objects as regards spiral or radiated stellar 
arrangements in the Milky Way.^ 

The principle of colour by association, barely indicated in 
clusters, is in double stars ccurried out to the highest perfec- 
tion. Nature is inexhaustible in her display among them of 
harmonies, contrasts, and delicate gradations of hua They 
not only vividly sparkle in green and gold, azure and crimson, 
but shine in the sober radiance of fawn and olive, lilac, deep 
purple, and ashen grey. Chalcedony, aquamarine, chrysolite, 
agate, and onyx have counterparts in the heavens as well as 
rubies and emeralds, sards, sapphires, and topazes. 

Mariotte of Dijon, a physicist, but no astronomer, was the 
first to speak of bltie stars. ''Lee ^toiles qui paraissent 
bleues," he wrote in 1681, ''ont une limii^re fedble, mais 
pure et sans melange d'exhalaisons." ' But he gave no 
examples, and it is not easy to divine what class of objects he 
alluded to. The chromatic observation of double stars was 
really begun by Father Christian Mayer at Mannheim in 
1776 ; although the interest of his preliminary efforts was 
absorbed in the splendour of Herschel's similar but vastly 
more extensive and assured results. He not only discovered a 
great number of exquisitely tinted couples, but by his success 
emphasised the importance of systematic attention to colour in 
double stars. 

His example was followed by F. G. W. Struve, who in 
1837 classified from this point of view 596 of the brightest 
known stellar pairs. The upshot was to prove agreement in 
colour the rule, contrast the exception." Just half, or 295 of 
the objects examined were uniformly white ; 118 had both 
components yellow or reddish with slight differences of 

^ AtU dH Nuovi Lineei, t. vii. p. 72. 

• Oeuvres, tip. 287. 

* jSloile$ Doublet, pp. 88-34 ; Menmirm Micronu p. Izxzii. 
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intensity ; sixty - three were tinctured with blue. The 
instanoes of genuine contrast numbered 120, and in oZ/ of 
these the small star was called blue. The rule is, moreover, 
without exception, that no primary member of a dissimilarly 
tinted pair is blue. 

The reality of chromatic contrasts in double stars was 
established by the persistence of colour in satellites during the 
obliteration of their primaries by an interposed wire or bar ; 
and besides, as Struve remarked, optically produced hues 
should be invariably complementary, which is far from being 
the case in stars. A curious proof of this independence was 
afforded by a double occultation of Antares and its companion 
observed by Dawes in 1856. The small star, emerging first 
from behind the moon, seemed as perfectly green viewed thus 
alone as when half lost in the glare of the great red star it 
is attached to.^ The same phenomenon was reobserved in 
1878. 

The connection between inequality of brightness and un- 
likeness of tint in coupled stars did not escape Struve's notice.* 
He found a mean difference of less than half a magnitude 
between the exactly similar members of 375 pairs, of over 
one magnitude for 101 stars showing varied shades of the 
same colour, and of nearly two magnitudes in 120 oases 
of contrasted tints. Professor Holden, taking account of 
physical pairs only, reached, in 1880, an analogous result.^ 
Where there was identity of colour the average difference of 
lustre proved to be only half a magnitude, where there was 
diversity the luminous inequality mounted to two and a half 
magnitudea One hundred and twenty-two of the stars con- 
sidered belonged to the first class, forty to the second. Now 
markedly unequal are generally wide pairs,^ so that disparity, 
of hue is seen to prevail in systems formed by a large star and 
a comparatively small and remote companion ; while genuine 
twin Sims, of not very different radiative power, and of 
similar radiative quality, circulate 6U3 a rule rapidly and closely 

1 MowUdy Notices, toI. xvi. p. 148 ; Nieaten, del et Terre, t. ii. p. 96 ; 
Webb, Ca, ObjeeU, p. 886. 
' Mm»» Mieronu p. Ixzxii. 

* Amer, Jawm. of Seiemc^, yoL ziz. p. 467. 

* Doberok, Astr, Naeh, Ko. 2278. The eoaicity of small, cloee oompanions 
to bright Stan may be partly due to the diffioolty of discoTering them. 
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round their common centre of gravity. Why this is so we 
cannot tell ; the bare fact is before us. 

Some beautifully coloured stars are, nevertheless, ascer- 
tained to be in mutual revolution. The yellow and rose-red 
components of rj Cassiopeise finish their circuit in about two 
hundred years ; those of € Bootis, chrome yellow and sea-water 
blue, in probably upwards of twelve hundred ; f Bootis and 
TT Cephei, orange and purple, o Cephei and t Cygni, golden 
and azuie pairs, are all in swifter or slower orbital movement. 
A good many richly-tinted stars, on the other hand, appear 
stationary, doubtless because their distances apart are so con- 
siderable as to make their revolutions inordinately slow. 
Thus the emerald-green companion of a Herculis has preserved, 
during a century, an invariable position with regard to the 
ruddy star it depends upon, and Antares forms with its sea- 
green satellite a somewhat similar and equally rigid combina- 
tion. The fixed pair fi Cygni (Albireo) shining with " yellow 
topaz " and '' aquacoelestis blue " light, presents perhaps the 
most lovely effect of colour in the heavens, nearly matched, 
however, by the variable 8 Cephei and its coerulean companion. 
Among numerous other examples of contrasted or harmonising 
tints in double stars may be mentioned 7 Andromeda, orange 
and green ; 7 Delphini, yellow and pale emerald ; 17 Persei, 
golden and azure ; 24 Comae Berenices, orange and lilac ; 12 
Canum Venaticorum, pale yellow and fawn ; v Serpentis, sea- 
green and lilac; a pair in Cassiopeia (S 163), copper colour 
and blue; 17 Virginis, light rose and dusky red; o Draconis, 
orange and emerald. A few red and green pairs seem 
abnormal through the near approach to equality in the 
magnitudes of the components. One such was observed by 
Herschel in Pisces; and Bumham noted in 1900 the reality 
of the contrasted tint it presents.^ Another was discovered 
by Bumham himself in Pisces. But the fiery primaries are, 
in both cases, likely to prove variable. 

Bright white stars have not unfrequently small blue ones 
in their vicinity. A distant companion of Begulus seems as 
if steeped in indigo ; Bigel has an azure attendant ; X Gemi- 
norum one of an amethystine shade ; 84 Ceti and 62 Eridani 
are made up each of a white and a lilac star; while the 

^ Meatum of Double Start, p. 10. 

10 
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sapphire « Bootis is grouped closely with one, more loosely 
with two other subordinate blue objects.^ 

Two questions at once suggest themselves about the 
colours of double stars. To the first. Are they real? a 
dedfiively affirmative answer can be given ; but the second, 
Are they permanent? cannot be disposed of with such 
promptituda The subtlety of hues resulting from a highly 
complex set of retinal impressions renders them peculiarly 
liable to $ubjective variation. As evidence of objective varia- 
tion, then, random notes of colour are of little or no use. 
Only the estimates of skilled observers, trained to the needful 
precautions, furnished with suitable instruments, above all, 
owning normal eyesight, are worth weighing and comparing. 
Under this rule of ezclusiveness, the testimony requiring the 
admission of real change shrinks surprisingly in compass, but 
does not wholly disappear. Colour-variables are to be found 
among compound, no less than among single stars. 

Owing partly to instrumental, partly to personal causes, 
the elder Struve perceived as purely white many stars seen 
by Herschel with a tinge of red or yellow. Disagreements in 
the opposite direction merit, then, particular attention, and 
they are especially marked in two cases.' The components of 
the splendid couple 7 Leonis were described by Herschel in 
1784 as both white, the smaller inclining sUghtly to pale red.* 
But Struve saw them in 1837 golden yellow and ''reddish" 
green ; Admiral Smyth '' bright orange and greenish yellow " ; 
and strongly, though unequally yellow, they still remain. 
Here then we have a presumption of genuine change, which, 
in the companion instance of 7 Delphini, is raised almost to 
certainty. These last stars, noted by Herschel in 1779 as 
both perfectly white, showed golden yellow and bluish green 
to Struve's scrutiny. The progress of alteration may perhaps 
be marked by the younger HerscheFs and South's record of 
them as white and yellowish in 1824.^ Their diflflimilar tints 
of orange and green now strike the eye at the first glance with 
the smallest telescope.^ 

1 Flammarion, Catalogue des AaiUs Doubles, p. 76. 
* M0n8ur<B Micram, p. IzzzviL 

» PhU, Trans, yoL Ixxv. p. 48. * Ibid. voL cxiv. p. 363. 

" Koble, Hours ioith a Three-imeh TsUseope, p. Ill ; Franks, Joum, Brit. 
Astr, Ass. ToL v. p. 457. 
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Another pair fjGunous for colour-fluctuatioiis is 95 Herculis* 
composed of two equal stars of 5^ magnitude, planted (to 
appearance) immovably within 6" of each other. Familiar 
with them as vividly tinted objects, Professor Piazzi Smyth 
was astonished, on pointing his telescope towards them from 
the Peak of Tenerifife, July 29, 1856, to perceive them both 
white.^ In the following year, nevertheless, they shone as 
before in " apple green and cherry red," and were so observed 
by Admiral Smyth, Dawes, and other& Captain Higgens* 
actually watched these colours fade and revive in 1862-63, 
in the course of about a year; but no trace of them has 
been seen of late; the stars of 95 Herculis are now of an 
identical palish yellow.^ Their spectra are not identical. 
Dr. Yogel, in 1899, classed one as solar, the other as Sirian 
in type. The history of these stars goes back to 1780, when 
Herschel observed them as bluish white and white ; J. Her- 
schel and South called them " bluish white and reddish " in 
1824 ; Struve, 1828-32, greenish yellow and reddish yellow, in 
precise agreement with Pickering's appraisement in 1878.^ 
Thus the "magnificent tints of orange and green" which 
Secchi admired in 1855, and Piazzi Smyth missed in 1856, 
were of a transitory character. 

In the well-known binary, 70 Ophiuchi, there has been an 
equally undoubted change. Except an '' inclination to red " in 
the smaller, the elder Herschel perceived no colour in either 
of these stars ; his son and Sir Jeones South called them white 
and " livid " ; yet they were recorded by Struve as of an espe- 
cially intense yellow and purple, by Admiral Smyth as " pale 
topaz and violet." They are now both yellow, very much as 
they were seen by Secchi in 1855, and by Franks in 1876 ; 
the companion was, nevertheless, marked '^ purplish" at 
Harvard College in 1878, "rose-coloured" by Flammarion in 
1879. 

The three stars of ^ Cancri are usually yellow, but Dem- 
bowski noticed them as all white, 1854-56, the remoter 
component turning yellowish or olive in 1864-65.* This form 
of concordant change through various shades of primrose or 

^ Smyth, Sidereal ChronuUice, pp. 85, 78. ' Ibid. p. 80. 

* Noble, Op. eU, p. 105. ^ Harvard AnnaU, toL zL p. 150. 

> Aeir. Naeh, Kos. 1110, 1574. 
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cowslip is not very rare among reyolving stars, while the 
development of colour in other pairs tends towards the 
production of contrast. It often happens, too, that one 
component onlj varies in hue, in which case the change always 
affects the satellite star. The attendant, for example, of 5 
Herculis has appeared by turns ashen, ^ grape-red," blue, and 
bluish-green ; that of h Cygni was observed by Struve 6U3 grey 
in 1826-1833, but conspicuously red in 1836, blue by Dawes 
in 1839-1841, alternately red, blue, and violet by Secchi in 
1856-57, grey once more by Dembowski in 1862-63, red by 
Engelmann in 1865, since when it has commonly seemed 
light blue.^ Again, the multiple star <r Ononis includes two 
if not three colour -variables; the distant companion of 7 
Leporis changed from pale green in 1832 to garnet in 1851 
and 1874, and the satellite of v Serpentis from lilac in 1832 
to ''native copper" in 1851.* 

Eye - estimates of colour do not reach below the 
Bur£BK»; they are mere indications, which the spectroscope 
and the spectrograph can alone help us to interpret. But the 
task is delicate for the eye, and until of late, was impossible 
for the camera of discriminating the varieties in quality of 
closely adjacent light-sources. Miss Maury managed, never- 
theless, to pick out on the Draper Memorial plates eighteen 
" composite " spectra, in which the characters were so mixed 
as to suggest a twofold origin;* and her acumen has been 
vindicated by the spectroscopic resolution of several of these 
dubious objects into swiftly-revolving, unlike couples. Exact 
determinations of the kind, however, were rendered possible 
only through Sir William Huggins's invention of a '^ reflecting 
slit," by means of which the spectra of stars no more than 2" 
apart can be separately photographed.* Successful impressions 
were thus obtained from 7 Leonis, Cor Caroli (12 Canum 
Venaticorum), and fi Cygni. From previous observations of 
the last-mentioned pair with a visual spectroscope, he had 
found their complementary colours explicable (wholly or 
in part) by complementary absorption;^ but this was not 

^ Engelmann, Astr, Nach. Ko. 1676. 

> Smyth, 3id. OhronuUie$, p. 29 ; Webb, CeL OlJBeU, p. 889. 

* Harvard AivnaU, toL zxriii p. 92. 

* OompUs Eendw, Oct. 11, 1897 ; Attrophys, Joum. toL vi. p. 824. 

" PhU, Trans. toI. oliv. p. 481. 
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perceptible in the more refrangible sections of their dispersed 
light photographed by himself and Lady Huggins in 1897.^ 
The blue star yielded a Sirian, the yellow star a solar spectrum, 
both of perfectly normal quality. Their exceptional tints 
appear to be reserved for visual explanation. 

Yet the improvement of methods has brought within view 
the realisation of the chief desiderata in stellar chromatic& 
These are, first, the definite correlation of the integral effect to 
the eye with the analytical data furnished by the prism; 
secondly, the recognition of some fixed mode of correspond- 
ence between spectral and colour-variations. The foundations 
will then have been laid of a true science of stellar chromatics. 

1 Atku ofSUUar Spectra, pp. 158, 163. 
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CHAPTER XI 

BOUBLK STABS 

A DOUBLE star is one that divides into two with the help of a 
more or less powerful telescope. The effect is a strange, and 
might have appeared beforehand a most unlikely one. Yet it 
is of quite ordinary occurrence. Double stars ate no freak 
of nature, but part of her settled plan ; or rather, they ent& 
systematically into the design of the Mind which is in and 
above nature. 

The first recognised specimen of the class was ^ TJiex 
Majoris, the middle "horse" of the Plough, called by the 
Arabs "Mizar," which Biccioli found at Bologna, in 1650, to 
consist of a 2^ and a 4 magnitude star within fourteen 
seconds of arc of each other. Both are white, and they 
make a radiant display even in a very small telescope. The 
accident of a bright comet observed by Bobert Hooke passing, 
on February 8, 1665, close to 7 Arietis (" Mesarthim ") led to 
his discovery of its duplex nature. The components, each of 
the fourth magnitude, and eight seconds apart, are perfectly 
alike both in light and colour. Meanwhile Huygens had, in 
1656, seen 6 Ononis to be triple — it disclosed itself aa 
quadruple in 1684; a Crucis, in the southern hemisphere, 
was divided by some Jesuit missionaries sent by Louis XIY. 
to Siam in 1685, and a Centauri by Bichaud at Pondicherry 
in 1689 ; making in all five double stars detected during the 
seventeenth century. Four more— 7 Virginis, Castor, 61 
Cygni, and jS Cygni — were taken note of by Bradley before 
1755; and in 1776, Father Christian Mayer began at 
Mannheim a deliberate search for stellar couples. His thirty- 
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thiee diacoveries in two years might be described as the 
preliminary washings from the rich lode struck a few months 
later by Sir William Herschel.^ 

The plentifulness of doable stars was in itself an irre- 
sistible argument for their reality. That any two unconnected 
bright stars should be projected closely side by side upon the 
spheie was improbable; that such a contingency could be 
repeated hundreds of times was what no sane man ought 
to have been capable of believing. But human credulity is 
nowhere more conspicuous than in what it is prepared to 
attribute to chance; and it needed such clear evidence of 
mutually circling movements as Herschel was able to produce 
in 1803 to establish the conviction of the physical existence 
of double stars. 

The fact is one at which we can never cease to wonder. It 
brings us face to face with a state of things entirely unfamiliar, 
and of which the purpose lies beyond the scope of our limited 
understandings. So accustomed are we to the " sole dominion " 
of our own great star, that the presence of two suns in one 
sphere might well at first sight appear incredible. Yet there 
are many things '* undreamt of in our philosophy " which are 
nevertheless true. Every drop of stagnant water is a world- of 
uninterpreted mysteries ; what we choose to call the " order of 
nature" is violated at every instant, inexplicably, by our own 
volition ; and if that order be attended by anomalies upon the 
earth, how much less shall we venture to prescribe its course 
in the heavens ? 

The term ** double star " is obviously quite indefinite, apart 
from some agreement as to its meaning ; and it was in fact 
used by early observers in a far wider sense than it is now 
usually considered to bear. Many of the small and remote 
attendants upon brighter stars recorded by the Herschels 
could scarcely be presumed to have any real connection with 
them; Z2" was fixed by Struve as the maximum interval be- 
tween the components of a genuine double star, or 16", unless 
both were brighter than the ninth magnitude ; the younger 
Struve's '*Pulkowa Catalogue" included no stars beyond the 
narrower limit, and Mr. Bumham rejects all pairs below the 
eighth magnitude above 5" apart. This progressive restriction 
^ See the writer's Hiatory of Astronomy, p. 18, 4th ed. 
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has almost necessarily aocompanied the improyement of 
telescopea With the powerful and perfect refractors now in 
use, really close pairs accumulate faster than thej can con- 
tinue to be observed ; and the collection of the innumerable 
loosely joked and ill-assorted couples thej further reveal would 
be inane waste of time. 

Already above twelve thousand double stars, in the Her- 
schelian sense, have been registered, of which some six 
thousand correspond, bj the closeness of their combination, 
to strict ideas of what a double star should be ; about 1400 
are separated bj 2'^ or less, and between 600 and 700 are 
visibly revolving. These last interesting cases multiply just 
now with especial rapidity. They are most apt to occur, as 
might be expected, among those stars at the smallest apparent 
distances from each other, and requiring accordingly the 
highest optical powers for their det^tetion. Our acquaintance 
with most of these is so recent that their movements are only 
coming to be recognised as one pair after another is re- 
measured after a few years' interval . 

The singular profusion with which stars are planted side by 
side with a bare hairbreadth of sky between, became manifest 
through Mr. Burnham's discoveries made at Chicago, 1871 to 
1879, while he still pursued the profession of a stenographer. 
His thousand new pairs included 743 at an average distance 
of l''*58.^ This means that the total interval frosp centre to 
centre of these objects was just equal to the width of a human 
hair held thirty-six feet from the eye. About one-tenth of 
that distance is the minimum at which, even with the great 
Lick telescope, stars can be divided, but by no means the 
minimum at which they can separately exist The spectro- 
scope has demonstrated what it was logical to infer, that 
numberless stars which must always, either through their 
distance from ourselves or the closeness of their companions, 
remain optically single, are nevertheless compound; hence 
of any given star, as of a chemical " element," we can say, 
not tiiat it is indivisible, but only that it has never been 
divided. 

Such stellar pairs as are known to be in orbital move- 
ment are called " binary stars," to signify that they form real 

^ Memoirs Ji, Attr. Soc yqL zlvii p. 817. 
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dual sTBtems. The finest specimen of this kind in the 
northern heavens is Castor, or a Geminormn, composed of 
a second and a third magnitude star 5"' 18 apart They are 
both white with a greenish tinge, and can be divided with a 
very moderate telescope, so that the sight of this brilliant 
and suggestive object is not reserved for the inner circle of 
astronomers. Now it happens that Bradley observed the 
relative situation of these stars in 1719, and the comparison 
of his record with measures of the present day shows that 
they have shifted in the interim to the extent of ISl"", or 
considerably more than a third of a revolution. To complete 
an entire one they would need at the scmaie rate about 500 
yeara But they axe likely to advance upon it The most 
trustworthy orbit yet computed fixes their period at 347 
years ;^ and although their movements have, in the past, 
falsified many predictions, each successive investigator is in a 
better position, because commanding a wider range of data 
than his predecessors. The limits of uncertainty as regards 
time of circulation shrink of themselves with every decade 
that goes by. 

The brightest is also the widest pair of revolving stars in 
the sky, and a third distinction — that of being nearer to us 
than any other known sidereal object — accounts for the first 
two. In a Centauri are combined two stars so brilliant that 
the lesser, though emitting only one-third as much light as 
its neighbour, is still somewhat above the second rank. It 
is of a deeper yellow than the primary star, and must have 
gained considerably in lustre during the last century unless 
Feuill^, Lacaille, Brisbane, and Dunlop all erred egr^ously 
in calling it of fourth magnitude.* Since they were observed 
by the Franciscan monk, Louis Feuillde, at lima in 1709, 
these stars have executed nearly two and a half revolutions. 
They traverse in eighty-one years' an orbit about as much 
elongated as that in which Faye's comet travels round the 
sun, and diverge, accordingly, at ''apastron" to more than 
thrice their "periastron" distance. They are now 22*^ apart, 
and are separating fast, having in 1875 swept through their 

1 Doberck, Astr, Nach. No. 8970. 

* See Flammarion'M CaiUUogue^ p. 81. 

* T. J. J. See, EvoluHan of the Stellar System, p. 148. 
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point of nearest approach. The " mean radius/' or half the 
major axis of the computed ellipse, if seen square from the 
earth, would subtend an angle of l?''*?, corresponding at the 
star's distance of twentj-five biUion miles to an actual span 
of (in round numbers) 2100 million miles; so that these 
lustrous globes are sometimes almost as close together as 
Saturn is to the sun, then, after two-score years, at 1^ times 
the distance of Neptune. Their mass is just twice, their light 
about 1^ times that of the sun. 

The spectacle is beyond doubt amazing of two such 
bodies united thus organically into a single stately system. 
That it includes many other members may be taken for 
granted, although we may never succeed in observing them, 
and are unable, even in imagination, to bestow or arrange 
them satisfactorily. Evidently, no planetary scheme or schemes 
at all resembling our own can depend upon the stars of 
a Centauri. A Mercury or a Vulcan, at the most, might 
find shelter in the close vicinity of one from the dis- 
turbing power of the other, its possible inhabitants enjoying 
the combined or alternating radiance of a greater and a lesser 
sun. Comets entering these precincts must be perplexed to 
decide between the two potentates claiming their allegiance, 
and perhaps on occasions pay their court to each in turns, 
throwing out tails, as they do so, of a highly anomalous 
character. It has, however, been suggested that the clients of 
double stars circulate about both simultaneously, in orbits wide 
enough to keep them beyond the reach of dangerous pertur- 
bations from either, lliis is, of course, conceivable, if for 
many reasons unlikely ; but the surmise can neither be verified 
nor disproved. 

The stars of 61 Cygni, like those of a Centauri, share a 
rapid onward movement through space. They resemble them 
too in spectrum and colour, and are counted among our nearest 
stellar neighbours. Yet they are inconspicuous, one falling 
short of the fifth,^ the other of the sixth magnitude. 

Although they have been under continuous scrutiny since 
1753, when Bradley noted the differences in their times of 
transit, it is only within the last few years that the curvature 
of their path has become perceptible. Besides the forward 
movement possessed in common by the two, the smaller also 
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shifts its place sensibly as regards the larger star. But for a 
century and upward the shifting appeared to take place along 
a straight line. If this had really been the case, the fact 
would have abolished the presumption of their binary char- 
acter, and compelled the belief, which was adopted by Captain 
Jacob in 1858,^ and maintained so lately as 1891 by Mr. 
Bumham,* that the stars would eventually part company 
and cease to have even an apparent connection. This, we 
can now see clearly, was a false alarm. They are really 
inseparable; although the circumstances of their revolution 
must long remain unknown. Moreover, Dr. WiLring's an- 
nouncement in 1893 ' that the motion of one or both com- 
ponents was disturbed by the attraction of invisible attendants, 
lacks confirmation. 

The systems of 70 Ophiuchi and rj GaBsiopei» have much 
in common. The stars forming them show similar spectra 
and (apart from incidental variations) similar colours. They 
progress through space at about the same rate,^ and both are at 
nearly the same distance of twenty light years from the earth. 
Both, too, have proved somewhat recalcitrant to computation. 
The orbit of 70 Ophiuchi, moie especially, though one of the 
earliest experimented upon, can still only be regarded as 
approximately determined. The stars have hitherto so 
pendstently refused to keep to their predicted places that 
Madler, Jacob, and Sir John Herschel suspected disturbance 
by an invisible member of their system calculated by Dr. See 
in 1895 ^ to revolve in a period of thirty-six years. The 
bright companion, on this view, describes in eighty-eight years 
an eccentric orbit with a major axis slightly less than that of 
Neptune, while sunultaneoudy tracing out, in thirty-six years, 
*' another ellipse, which in size considerably surpasses that of 
the planet Mars."* Yet its vagaries of movement are not 
even thus completely explicable. The mechanism of 70 
Ophiuchi has still obscure springs. 

The path of 17 Cassiopeise, traversed in 196 years (accord- 

* Edinburgh New Phil. Joum, vol. rii. p. 107. 

« Astr. Naeh. No. 8047. 

* 8it9ung$beriehU, Berlin, October 26, 1898. 

* Sftdler, Engliih Ifeehanie, vola. zlL p. 410 ; zliv. p. 822. 

' Astr. Joum. No. 868. 

« T. J. J. See, SUllar SysUnu, p. 220. 
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ing to Dr. See's elements), is of an ampler sweqp. Its mean 
radius is fifty-three times that of the terrestrial, nearly twice 
that of Neptune's orbit. The stars, nevertheless, at their 
nearest approaches come within less than once and a half 
times the distance of Uranus from the sun, and since they 
together contain more than four times the solar quantity 
of matter, perturbations of no slight intensity would at 
such times affect their perhaps visionary trains of attendant 
bodies. 

Laplace's conjecture that space might hold as many dark 
as bright masses has received some countenance from the 
phenomena of double stars. For among them are reckoned 
effects of the attraction of unseen upon the movements of 
seen bodies, while in two cases the detection of an imperfectly 
luminous object has, like the discovery of Neptune, ensued 
upon the theoretical indication of its place. 

From the nature of the proper notion of Sirius, Bessel 
inferred in 1844 that it did not travel alona The line traced 
out by it must, were it solitary, have been straight, whereas 
it undulated markedly and regularly once in about half a 
century. Sevolution in that period round an obscure com- 
panion was indicated ; the elements of the hypothetical Sirian 
system were computed by Peters and Auwers, and the precise 
position of the Sirian satellite was assigned by Safiford in 
September 1861. On January 31 following, it was found 
just in the right spot by Alvan G. Clark, of Cambridgeport, 
Massachusetts. 

The companion of Sirius is a dull yellow star of tenth 
magnitude, almost lost in the glittering radiance of its great 
neighbour. Their apparent distance having diminished &om 
10'^ in 1862 to 4" in 1890, it was then barely distinguishable 
to Mr. Bumham with the 36-inch lick refractor.^ For six 
years it remained wholly invisible ; unseen it passed periastron 
in 1894; but in November 1896 re-emerged in its predicted 
place, and has since steadily followed the track laid down for 
it. The elements assigned to the pair by Dr. O. Lohse in 
1904,* when it had performed all but 30** of an entire circuit, 
may accordingly be accepted as authoritative. 

The system brought to our notice is a very remarkable 

1 AHr. Nach. No. 2884. « Ibid. Ko. 8966. , 
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one. Its chief member is a body extremely bright in pro- 
portion to its mass ; its secondary member is a body abnormally 
massive proportionately to its light. Sirius shines like four 
thousand, it gravitates like two of its companiona There 
must hence be an enormous disparity of temperature between 
them, with a probably corresponding difference of mean density. 
Yet they are presumably of contemporaneous origin. 

At the distance of Sirius (about fifty billion miles) the 
sun would appear as a star of the second magnitude. A 
collection of twenty-one suns would barely supply the 
emissions of that brilliant orb, the attractive energy of which 
is, nevertheless, little more than twice that governing the 
solar system. The revolutions of its satellite are completed 
in 50^ years at a mean distance twenty times that of the 
earth from the sun, with excursions, at apastron, two hundred 
millions of miles further than Neptune's. Now to con- 
trol motion so swift in so spacious a path, 3^ times the 
solar quantum of matter must be present; of which one- 
third belongs to the satellite itself, constituting it a body 
rather more ponderous than the sun, though giving no more 
than i^(^ of its light. Thus the contrast between the 
components of this binary star could scarcely among visible 
objects be more pronounced. And its significance is accentu- 
ated by its essential repetition in Procyon, the lesser dog- 
star. 

Since its motion was known to be disturbed in precisely 
the same way as the motion of Sirius, no doubt was enter- 
tained of its belonging to a binary combination. But the 
second member of that combination long evaded search, and 
was at last identified by Professor Schaeberle at lick, November 
13, 1896, in the modest guise of a thirteenth-magnitude star 
4''*2 from its primary. So &r, its movements tally well with 
the period of forty years, hypothetically attributed to them by 
Auwers in 1861 ; but indicate probably a markedly eccentric 
orbit instead of the nearly circular one assigned by him.^ 
Schaeberle's satellite again exemplifies the strangely disparate 
nature of some stellar couples. It exerts three-fifths the 
gravitational power of the sun, while emitting no more than 
j^ of its light Procyon is farther off from the earth than 
^ Newoomb, TKe Stars, p. 162. 
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Sinus, though not in the proportion of its inferiority in magni- 
tude. Its actual luminosity scarcely amounts to one-fifth that 
of the greater dog-star. 

The detection of partially obscure stellar schemes goes on 
apace. The disturbances of motion telescopically apparent 
suggested analogous disturbances of motion recognisable 
only with the spectroscope; and the hint has proved extra- 
ordinarily fruitful Stars like Frocyon are connected by 
innumerable gradations with stars like Algol This we shall 
learn in some detail further on. 

There are other criteria besides that of visible revolution 
in an orbit by which physical can be distinguished from 
optical double stara Since 1812, when Bessel pointed out 
the conclusiveness of the argument for real connection implied 
in the advance together of the stars of 61 Cygni,^ "common 
proper motion " has been universally admitted as a proof of 
genuine association. Thus the lustrous pair 7 Arietis has 
continued relatively fixed since Bradley measured it in 1755 ; 
yet its members are fellow-travellers through space, and 
assuredly keep mutually circling as they go, although so 
slowly that a century and half count almost for nothing in 
the majestic cycle of their revolutions. Again, the brightest 
star in the Southern Cross is made up of two stars of re- 
spectively 1*6 and 2*0 magnitude 6" apart, the situations of 
which have not perceptibly changed since Dunlop determined 
them in 1826. This amounts to saying that their small 
proper movement is identical And even independently of 
this positive test, the probabilities are enormously against the 
accidental close juxtaposition of two stars so brilliant and so 
nearly equal as those of a Crucis. 

The circumstance testifies strongly to the prevalence of 
physical connection between stellar pairs, that the average 
difference of brightness between them grows steadily with 
their distance apart, approximately equal being usually con- 
tiguous objects. Every degree of inequality is indeed found 
in undoubted systems ; still the chances of optical association 
must obviously increase vastly, even at the same distances, with 
increase of optical disparity. 

The background of the sky is so thickly strewn with small 
^ MofuU, CotresponcUm, Bd. zxri. p. 160. 
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stars, that we cannot be surprised if some of them happen to 
occupy critical situations. Bather, there is ground for 
astonishment at finding that certain remote satellites of 
bright stars seem indissolubly united to them. Begulus, for 
example, carries with it, as it pursues its way across the 
sphere, a star between the eighth and ninth magnitude, 
discovered by Winlock at Washington to be itself closely 
doubla The interval between the pair and its governing 
body amounts to nearly three nodnutes of arc. Castor, too, 
has attached to it a tenth-magnitude star at 74''; one of 
seventh magnitude OO'' to the south-west of a Crucis evidently 
belongs to its cortege ; ^ and Aldebaran forms with a minute 
object at 31" what seems to be a permanent combination 
resembling in its effect to the eye that of Mars with his outer 
satellite.^ 

Where two close stars seem fixed, relatively and absolutely, 
the case for their physical union must depend upon circum- 
stantial evidence alone. But this is sometimes of cogent 
import Contrast of cdlour, for instance, may afford grounds 
for a strong persuasion of real relationship. Certain tints, as 
blue, green, and violet, only occur among mutually associated 
star& We cannot, then, suppose the association upon which 
they depend for their production to be merely apparent 
The topaz and azure components of fi Cygni have no 
appreciable motion of .mny kind, and they are separated by a 
gap of 34", exceeding fthe limit of distance of real double stars 
as defined by Struve. i et it is impossible to doubt that their 
brilliant hues are truly expressive of the systemic union from 
which they in some unknown way result. The same may be 
said of h Cephei and its bright blue attendant, and of the 
much closer and nearly equal stars 95 Herculis, the inference 
being here strengthened by the concert-ed changes of colour 
recorded of them. We might be sure, too, of the dependent 
status of the emerald satellites of the red stars a Herculis 
and Antares, even if it were not independently proved by 
a community with their primaries in very slow progressive 
movement. 

Nevertheless, some highly coloured pairs have been con< 

^ Innes, Rgferm^M Oatalogtte, p. Ill a. 
* Bamham, AHr. Naeh. Noa. 2189, 2875 ; Omeral Catalogue, p. 49. 
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duded by M. Flammarion, from a careful study of their 
relative displacements, to be optical^ Among these are 
o Draconis, which might be called a subdued replica of fi 
Cygni ; a^ Piscium, golden and blue ; 42 Pisdum, yellow and 
green; a gold and purple pair in Auriga (OS 154); two 
nearly equal stars in Perseus (S 434) showing lovely tints of 
golden yellow and azure, with several besides. If these colours 
be inherent, it is difficult to believe that the stars distinguished 
by them are simply thrown together by perspective.* Before 
venturing to pronounce, however, we must wait, and let their 
motions develop. 

The display of similar goes quite as far as the display 
of dissimilar colours of an unusual kind towards proving a 
physical union between adjacent stara Strikingly red pairs, 
for instance, even when pretty widely separated, can hardly 
be the result of chanca Several are known, but their fixed 
character discourages frequent observation. Variability of 
light supplies another valuable indication of relationship. 
When common to both members of a pair, it leaves no room 
for doubt on the subject. We shall recur to this topic in a 
later chapter. 

Stars with ascertained pi^per motions characterise of 
themselves the nature of their companionship. For either 
they keep on together or they show signs of incipient separa- 
tion, slowly but surely marking the distinction between a 
lasting union and mere temporary contiguity. In the latter 
case the movement of one of the stars referred to the other 
necessarily proceeds along a straight line, so that rectilinear 
displacement is an infallible mark of an optical couple. One 
curiously close (S 1616) occurs in the constellation Draco. 
Two stars, of 7 and 7*5 magnitude, passed in 1856 so near to 
one another by the hazard of their paths nearly intersecting, 
as to present the effect of two points of light, one inch apart, 
at a furlong's distance from the eye. Their angular separa- 
tion, then only 2"'^, is now 13'^, and it will continue to grow 
indefinitely. Their absolute disconnection has been confirmed 
by direct measurements showing them to di£Per extremely in 
remoteness from the earth. The larger of the two, by one 

^ OompUs JUnduSt t. IxxxviL pp. 836, 872. 
* Monck, Knowledge^ voL xii p. 170. 
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of those smgularities which abound in the heayens, fonns a 
genuine pair with a star very much fainter than its spurious 
companion. 

From what has been said, it is clear that a good deal of 
patience is needed for the investigation of double stars. The 
fjBM^ts about them must often be allowed to ripen for a long 
time before thej can be turned to account. Sooner or later, 
however, their fruit cannot &il to appear. There is, perhaps, 
no other branch of science in which industry is so sure to be 
rewarded with definite results. The first step is to separate 
perspective from physical couples ; this can only be done by 
the persistent repetition of exact measures. The next is to 
detect nascent circulatory movements in true binary pairs, 
or to keep watch on them as they progress. Their careful 
comparison with theory may at any time bring surprising 
novelties to light. For each stellar system is in effect a 
world by itself, original in its design, varied in its relation- 
ships, teeming with details of high significance. But at 
present only an imperfectly traced outline of the construction 
of some three-score among hundreds of them is before us; 
their multitude distracting attention. Yet it would be better 
to make intimate acquaintance with one than to know a score 
superficially. All the resources of modem inventiveness 
should be enlisted in these inquiries. Not only the revolu- 
tions, distances, and masses of double stars, their movements 
across and in the line of sight, should be determined with 
ever-increasing precision, but their colours and magnitudes, 
and above all, their separate spectra, both visual and photo- 
graphic, should be recorded. By such means as these, real 
knowledge will be augmented far more than by the most 
brilliant success in the telescopic detection of new pairs. 
This has its own interest and value, but the recesses of 
sidereal structure must be otherwise explored. 



XI 



Digitized by CjOOQIC 



CHAPTER XII 

STBLLAB ORBITS 

Thb strong presumption that the law of gravitation would 
prove truly universal has been fully borne out by investiga- 
tions of stellar orbits. Binary stars circulate, it can be 
unhesitatingly asserted, under the influence of the identical 
force by which the sun sways the movements of the planets, 
the earth the movements of the moon. This, it is true, does 
iiot admit of mathematical demonstration, but the over- 
whelming improbability of any other supposition enforces an 
almost equal degree of certitude.^ The revolutions of the 
stars are hence calculable, because conducted on fetmiliar 
principles; their velocities have the same relation to mass, 
their perturbations may lead to similar inferences as in the 
solar system. 

Observations, however, must precede calculations; and 
they are rendered arduous in double stars by the extreme 
minuteness of the intervals to be measured. Many revolving 
pairs never separate to the apparent extent of a single second 
of arc ; yet this fraction of a second may represent, in abridg- 
ment, a span of some thousands of millions of miles. In- 
finitesimal errors, magnified in this proportion, become 
of colossal importance, and often impenetrably dicfguise the 
real aspect of the facts. 

For determining the relative situations of adjacent stars, 
two kinds of measurement are evidently needed. The first 
gives their distance apart, the second the direction of the line 
joining them as regards some fixed line of reference. That 
selected is the " hour-circle," or great circle passing through 

^ Tiaserand, Bulietin J$tranomiqm, i, iy. pu 18. 
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the pole and the larger star, and the angle made with it by 
the line of junction of the pair is called their '* position-angle." 
It is counted from 0"* to 360"", in a direction opposite to that 
of the movement of watch-hands, and a star is hence said to 
be in direct revolution if its circuit is from north to south 
through east, but in retrograde revolution, if it is oppositely 
pursued. 

Now the successive places, from year to year, of the moving 
star, obtained in this way with absolute accuracy, would 
fall into a perfect ellipse, the foreshortened delineation, as it 
were, of the real ellipse traversed in space. For the star's 
path is seen by us projected against the sky, or rather upon the 
plane touching the sphere at that point, while the actual orbit 
may lie in any one of an infinite number of planea The two 
curves, nevertheless, have relations by which one can be 
deduced from the other with geometrical certainty. Both are 
ellipses, and in both the '^ radius vector," or line drawn from 
the satellite to the primary, describes equal areas in equal 
times. But the position of the chief star at the focus of the 
real ellipse is not maintained in its perspective representation, 
in which the " projected focus " is often quite unsymmetrically 
placed. Fig. 22 shows in juxtaposition the apparent and 
actual ellipses traversed by a Centauri, as delineated and com- 
puted by Br. See. The distorting effects of perspective can 
be estimated by noticing that, while the true epoch of 
periastron was in 1875, the stars nevertheless continued to 
draw together optically until 1877. Once then the seeming 
orbit of a binary star is thoroughly ascertained, the problem 
of determining its cu:tu(d orbit is as good as solved, the 
transition from one to the other being ejected by a mathe- 
matical operation of no considerable difficulty. Even when 
the seeming orbit is a straight line the process remains 
feasible, and in fact one of the most reliable stellar theories 
relates to a couple, the movements of which are conducted in 
a plane passing, it may be said, accurately through the earth.^ 
The stars of 42 Comse Berenices appear simply to oscillate to 
and fro in a period of somewhat less than twenty-six years, 
never diverging to a greater extent than about half a second, 

1 0. Stniye, MotUMy Notices, vol zzxv. p. 867 ; AtH delV Acead. P<mt. t. 
ziz. p. 269. 
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and closing up completely twice in the comae of a levolution. 
Diflcovered by Struye in 1827, they have since then six times 
presented an aspect of indivisible singleness. Other couples 
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Fzo. 82.— Apptnnt uid real Orbits of Alpha Centauri. (Hie rodnoed diagnun off tli« appaieat 
allipie ia NewoomVa Stan baa been avaUad ot) 

travelling in paths seen nearly edgewise are 7 Coronae 
Borealis with a period of ninety-five, 44 Bootis with one of 
261 years, and a binary in Ophiuchus (S 2173) revolving in 
forty-six years. 

Nothing would at first sight seem easier than to lay down. 



Digitized by CjOOQIC 



STELLAB OBBITS 165 

from a sufficient store of data, the apparent track of a star. 
Tet the task is often a most embarrassing one. Owing to the 
ezoessiye minuteness of the quantities concerned, the best 
observations can giye only loose approximations to the real 
&cts. The margin of uncertainty, always very wide, at times 
exceeds any reasonable limit, and computers are hence obliged, 
as a rule, to reject some part of the materials before them as 
misleading and incompatible with the rest. But the exercise 
of discretion leads to diversity of results, and totally different 
orbits can thus be derived &om the same set of observations 
by varying their treatment so as to distribute differently 
theur inhCTent errors. Where only a moderate arc of the 
orbit has been described, the problem of ideally completing 
it admits, from the indeterminateness of its conditions, 
of no rigid solution. One might, in Mr. Bumham's opinion, 
as well guess the period as go through the formality of 
calculating it.^ When the companion of Sirius, for instance, 
had been eighteen years under scrutiny, it was still impossible 
to decide whether it would return to its starting-point within 
the half-oentury allotted to it while still an unseen agency of 
disturbance, or depart on a remote excursion from its primary, 
demanding some hundreds of years for its accomplishment.^ 

In no department of astronomy is the mischief of " per- 
sonal equation " so sensible as in the meastirement of double 
stars. Nearly all available data are prejudicially affected by 
it, and those emanating from different individual sources are 
thus often rendered exceedingly inharmonious. Much labour 
and ingenuity have been spent in determining its direction 
and amount for various observers, with a view to freeing their 
results from its effects ; and after all, it remains a question 
whether the observations so elaborately corrected are not more 
misleading than in their " raw " state. 

All these complications might be at once swept away if 
it were possible effectively to substitute the camera for the 
micrometer. The photographic method leaves no room for 
systematic, very little for accidental errors. G. P. Bond, of 
Cambridge (U.S.), showed in 1857, long before the intro- 
duction of the modern ** dry plates," its wonderful capabilities 

' Popular Aib'onomy, toL i. p. 246. 
* Plimuner, MonMy Nat%ee$, toI. xlii. p. 6Z. 
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for the aocurate registration of the varying relative aituationfl 
of double stars ;^ and those capabilities were more fnllj 
realised in 1886 by the skill of the MM. Henry. Some speci- 
mens of the Paris photographs of doable stars may be inspected 
in Fig. 23. The repeated impressions shown of each pair were 
obtained by allowing free play to the diurnal motion daring 
certain definite intervals between successive short exposures. 
The line of displacement of the stars traces out consequently 
part of a circle of declination, and their angles of position are 
directly measurable from plates embodying the data for their 
own orientation. The exactitude of determinations from them 
proved very remarkable ; for f XJrsaB Majoris the " mean error " 
of single measures of distance amounts to only C'O??, of 




Fio. SS.~Foar Doable Stan photographed at Paria. (Moodiei, 
** Photogiaphle Aatronomiqiie.") 

angle to O'^'SS.^ And this is no illusory precision, but the 
statement of an unalterable fact. Unfortunately, however, 
the calculation of stellar orbits from photographic measures 
must long continue impracticable. 

Their application is at present restricted to such pairs as 
are neither very unequal nor very close. The diffusive bright- 
ness of Sinus, for instance, leaves no possibility of getting a 
separate print of its companion, nor could even the much leaser 
disparity between the stars of B Cygni be made compatible 
with the distinct self-portraiture of both. Again, the minimum 
interval at which even perfectly equal couples have hitherto 
been successfully photographed exceeds two seconds, closer 
objects running together on the plate. But the closer objects 
are just those most likely to be in rapid circulation; and 
measures of any others are only in a remote sense useful In 

» Astr. Naeh. No. 1129. 
' Mouches, La Phatographie Aitronomiquet p. 44. 
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proportion, then, as star-couples lend themselves to photo- 
graphic delineation, they are unprofitable to computers ; while 
those that repay computational labour for the most part 
evade registration with the camera.^ There are no doubt 
exceptions, such as Castor and a Gentauri ; and a yearly photo- 
graphic record of each pair of the kind would eventually supply a 
stock of facts impaired in value by no perplexing inconsistencies. 
The apparent orbits of revolving stars will be virtually 
inscribed, one may hope, in future collections of negatives. 
The process of drawing a smooth curve will then no longer 
admit any wide latitude of discretion ; and the representative 
eUipee, instead of threading its way amid a straggling crowd 
of outlying observations, will pass, not indeed actually thratigh 
(which would imply the annihilation of error), but very close 
to all the given places. 

Above eighty stellar orbits have so far been computed by 
Doberck, Gore, Glasenapp, Bumham, See, and others. But 
for the most part tentatively, nor always with succes& Pre* 
dictions are often at fault; orbits are assigned only to be 
discarded ; the moving stars show themselves regardless of the 
trammels of theory. Thus, the persistent approach, since 
1887, of the components of Castor makes it certain that the 
millennial cycle ascribed to them by Thiele is much too long, 
and suggests, even apart firom calculation, that Sir William 
Herschel's estimated period of 342 years may be nearer the 
mark. The movements, on the other hand, of the fine 
southern pair, 6 Eridani, demand a continually lengthening 
time-allowance; and Mr. Bumham was inclined, in 1893, to 
regard them as rectilinear, that is, of a definitively separatist 
character.' The stars, none the less, seem at present to be 
conforming pretty closely to Mr. Gore's orbit, which should be 
completed in 302 years.* 

Premature attempts to determine stellar revolutions are 
strongly deprecated by Mr. BumhauL Some computed orbits 
are so purely provisional that, as he points out, many others 
of a totally different form might be substituted for them with- 
out doing any violence to the observations. Among the 

1 W. J. Hossey, Puhl. Adr. 8oe. Faeifie, No. 74, p. 102. 

* A$tr. and AstrophysicB^ voL xii p. 588. 

* InneB, Rtfermc$ CeU. p. 13 a. 
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earliest of known oonplea is ( Aqnarii, divided by Father 
Ghrifltian Mayer in 1777 into equal componente of the fourth 
magnitudei They are in slow circolation, haying described in 
the conrae of a century and a quarter, an arc of leas than 60^ 
From the scanty data thus supplied^.Dr. Doberck has derived 
an orbit traversed in 1578 years, the Icmgest period yet found 
for a binary system. But it is, or may be illusory. Mr. 
Bumham scarody goes too far in saying that the measures of 
at least 500 years must be available before a satisbctory 
theory of this star's revolutions can be formulated.^ 

An opposite instance of uncertainty in calculation is 
afforded by S Equulei, which now ranks as the quickest of 
visual binariea Discovered by Otto Struve in 1852, it was 
watched through many complete circuits, each of which was, 
until 1900, held to occupy 1 1^ year& In that year, however, 
Plx>fes8or Hussey expressed a suspicion that the admitted 
period was just twice too long ; ' and it was amply justified 
by the starts subsequent behaviour.* Confirmatory spectro- 
scopic observations have also been made;^ and the pair 
promises to supply a most useful link between stars measurable 
with the micrometer and stars only resolvable on prismatic 
negative& It was long ago perceived ^ that the combination 
of both methods, if rendered practicable, would lead to a &r 
more complete acquaintance with the systemic conditions of 
stars than the employment of either of them separately. The 
capabilities of one, in fact, fill the lacume left by those of the 
other. Stellar orbits as computed from visual data are of 
undetermined size. Their distances from the earth have to be 
further ascertained before the scale of their construction 
becomes known. But it can also be derived, under favourable 
circumstances, from spectroscopic measurements of velocity in 
the line of sight. For these give, in miles per second, the 
rate of circulation of such star-pairs as prove amenable to them ; 
and the rate of travel and the period virtually combine to state 
the dimensions of an orbit lying in a known plane. The mass 

^ Pop. AUt. toL iv. p. 476. « Fubl Ai6r. Soe. Paaific, No. 76. 

* Fuhh LUk OU&rvai&ryt rot t. p. 206. 

* LUk BulUUn, Not. 4, 82. 

* Fox Talbot, MepoH Brii. An, 1871, pt ii. p. 84 ; Niren, UoMXy Noiiees, 
▼ol. xudr. p. 889 ; Paliaa, AUt. Naeh. No. 2941 ; Bambant, Proe. R. Irish 
Atad, ToL iv. Mr. iL p. 668 ; T. J. J. See, AUr. Ntush. Na 8814. 
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of the stars pursuing it and their parallax can thence easily 
be deduced. And Professor Hussey accordingly derived for 
B Equulei a combined attractive power nearly twice that of 
the sun, and a parallax corresponding to a light- journey 
of 46 year& These results are the first of substantial value 
obtained by the application of the spectroscope to a telescopic 
double star. 

The pair that comes next to B Equulei in rapidity is 
le P^asi, divided by Mr. Bumham in 1880 into 4'3 and 5*0 
magnitude components, not much above one-tenth of a second 
apart They have since then performed more than two 
revolutions (period 11^ years) in an orbit viewed by us under 
an angle of only 9^ and consequently foreshortened into an 
exceedingly narrow oval, the oscillations of the stars in which 
can be followed only with the most perfect appliancea 

A standard collection of forty stellar orbits, with new 
elements calculated by himself, was published by Dr. See in 
1896.^ Twenty-eight among them have periods fedling short 
of 100, fourteen of 50 years ; and these comprise some of the 
best-detennined, though most recently discovered pairs — 
^ Sagittani, travelling in 18 years, 9 Argils in 22, 85 Pegasi 
in 24, fi Delphini in 27 years. The longest stellar period 
likely to be authenticated is that of 370 years, assigned by 
Dr. See to a- Corons Borealis, discerned by Herschel as double, 
August 7, 1780. Yet, thirty years ago, Doberck found it to 
need 846 years to finish a circuit ; and he was an expert in 
researches of the kind. In general, as Mr. Bumham has 
insistently urged, revolutions require to be finished, or almost 
finished, before they can be said to be ascertained. Among 
the best stellar theories extant is that of ^ UrssB Majoris, one 
of two fourth-magnitude stars marking the hindmost paw of 
the Great Bear. Divided by Herschel in 1780, tUs couple 
was made by Savary, in 1828,* the subject of the first experi- 
ment in the extension of Newtonian principles to the sidereal 
universe. It';succ6eded ; for the stars were found to describe, 
as nearly as could be expected, the orbit calculated for them 
on the supposition that their mutual gravitation was the 
influence binding them together into a moving system. The 

1 AwMioii of the SUUar 8y$Um$, p. 243. 
* Oatm. d$$ Tempi, 1880, pp. 58, 188. 
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validity throughout the universe of Newton's law has never 
since been open to serious question. 

The path of ^ Uissd has of late been several times re- 
investigated, and with results so concordant as to give a 
strong assurance of their approximate accuracy. It is a 
considerably elongated ellipse, the eccentricity being expressed 
by the fraction ^, which is just twice that of the orbit of 
Mercury, half that of the orbit of Encke's comet. The period 
of traversing it is 60 years; its semi-major axis would 
subtend, if seen without foreshortening, an angle of 2^'^, and 
it lies in a plane inclined SO"* to the plane touching the 
sphere at that point.^ 

We are ignorant of the mass of this system because we 
are ignorant of its distance from the earth ; but whatever its 
distance and whatever its mass, there seems no doubt that 
the stars conjoined in it are intensely luminous. If of the 
same mean density, they must be, square mile for square mile 
of surface, of about two and a half times the solar brightness. 

Determinations of the distances of binary stars are of special 
interest from their leading to a knowledge of their masses. 
The connection is easily explained. Angular measurements, 
which are the only ones possible to be got of objects out of 
tangible reach, are convertible into definite linear values when 
the radius of the sphere they refer to becomes known — in 
other words, when the interval of space between the eye and 
the objects measured is ascertained. So that the dimensions, 
in seconds of arc, of the orbits of stars at determined distances 
give at once their dimensions in millions of miles, whence, 
with the help of their periods of revolution, their masses 
easily follow. For by the law of gravity the attractive power 
of any system is proportional to the cube of the mean 
distance of the bodies composiDg it, divided by the square of 
their period. Employing, then, as a unit of space in this 
little calculation the distance of the earth firom the sun, and 
the year as our unit of time, we get the mass of each pair of 
revolving stars in terms of the sun's mass. It comes out, of 
course, larger in the ratio of the cube of the distance for the 

^ Data on these sereral heads, together with others defining the sitaation of 
periastron and of the line of interseotion of the orbital and reference planes, 
constitute what are called the '* elements " of a star*s motements. 
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same period, and smaller in the ratio of the square of the 
period for the same distance. Swiftly-moving and spacious 
systems contain accordingly great quantities of matter, 
sluggish ones comparatively little. Many radiant couples 
maintain, decade after decade, an all but absolute fibdty. 
Alpha Orucis, 95 and a Herculis, 7 Arietis are examplea The 
nascent displacements of ^ UrssB Majoris suggest the possible 
accomplishment of a circuit in 10,000 years ; those of 7 Delphini 
might consist with a period of four mUlennium& This strange 
inactivity intimates for the stars displaying it either an exceed- 
ingly small mass, or an inconceivable remoteness from the 
eartL 

A list of binaries moving in known orbits for which 
parallaxes have been ascertained, will be found in Table lY. 
of our Appendix. It is unfortunately brief; yet it embodies 
some important information. One of these pairs, 85 Pegasi, 
was divided by Bumham in 1878, and; completed in 1904 
its first observed round The components, although no 
brighter than sixth and eleventh magnitudes, exert a gravitating 
power (from Bumham's elements) ^ eleven times that of our 
sun. They wear the aspect, as Mr. Gore remarks, rather of a 
sun and planet than of two suns. The primary centuples the 
light emitted by its satellite, and there is just the disparity 
between them that would be presented by the sun and Jupiter 
if of the same intrinsic brilliancy. These would, on the con- 
dition supposed, and, at the distance (attributed to 85 Pegasi) 
of sixty light-years, show as a pair of 7^ and 12^ magnitude, 
never above 0''*28 asunder. The utmost powers of the great 
lick refractor would scarcely be adequate for their separation ; 
but the real stars being respectively four times brighter than 
the illustrative sun and planet, can be kept under watch and 
ward. 

The masses of eight visual couples are fairly well known, 
and their total value is just that of thirty-one suns. On an 
average, then, any one of these systems contains nearly four 
times as much attractive energy as the solar system, each 
individual star being equal in this respect to a pair of 
suns like ours. Were the extension of this result legi- 

^ fi^fiMrol CSflila/o^iM, p. 270 ; Gomstoek, Atirofh, Jowm. toL xrii p. 228. 
The paralUz of 85 Pegsii ia too snudl to be weU-MSured. 
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timate, the distances of all stani revolving in ascertained 
orbits might be inferred from their assumed massiveness (since 
the relation between distance and mass is convertible), and 
upon this principle Madler derived what he called the 
"hypothetical parallaxes" of binaries,^ reckoning, however, 
the mass of each pair to be only that of a single sun. This 
estimate is now seen to be mudi too small, and the distances 
founded upon it to fall proportionately short of the truth.* 
But, indeed, no general conclusions of the kind are fit for 
application to individual casea The range of variety is so 
great that only simulated knowledge can be obtained in this 
way. Yet collective inferences are not therefore worth- 
les& Thus, firom averaging the masses of only eight binaries, 
we have gathered plausible grounds for believing our sun to 
occupy a low rank as a centie of attraction. It may be, 
nevertheless, that the swifter binaries, which can at present 
alone figure on such a list, give too high an average masa 

Calculations based upon the orbital elements of revolving 
stars tell nothing of their relative massea They apply only 
to the common stock of matter in each system, leaving its 
distribution to be otherwise tested. This cannot be done 
except through the due apportionment of movement between 
the members of the system — an arduous task, just begun to 
be grappled with. 

There is no such thing in nature as a stationary body 
round which other bodies circulate. Answering motion there 
must always be, though on a scale reduced in the exact pro- 
portion that the mass is increased. The earth, for instance, 
describes, under the influence of the moon, an ellipse precisely 
similar to that described by the moon under the influence of 
the earth, but eighty-one times smaller. And the sun corre- 
sponds in the same way to the revolutions of every one of the 
planets, notwithstanding that the centre of his movement as 
regards each of them, with the single exception of Jupiter, 
lies far beneath his own surface. Binary stars, however, are 

^ Ikr FittstemMmmel, p. 82. 

* The masses of reTolving stars Tsry, eceteria pwribtu, as the cubes of their 
distances from the earth. Of systems identioal in period and apparent moTe- 
ment, one twice as remote as another would be eight times as massive, one three 
times as remote, twenty-seven times as massive, and so on. 
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probably often almost equally massive, and therefore almost 
equally mobile bodie& The fixity of one member of eaoh 
pair is purely conventional — an indispensable fiction without 
which measurements would be impracticable. Those actually 
made give the sum of the movements of both stars, and an 
orbit computed from them represents the sum of their dis- 
tinct orbits. Identical in shape and position with the true 
ellipses, it differs from them only in size, its linear dimensions 
in any direction being equal to both theirs taken together. 

The genuine centre of movement of two mutually circling 
stars is their common centre of gravity, which lies on a 
straight line drawn from one to the other, at a distance from 
each inversely proportional to its mass. The strictly similar 
orbits traversed by each are then spacious in the same inverted 
ratio. The larger star performs the smaller circuit, and vice 
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Witt. 94.— OrUti of ttiA Compomnt Stan of G«miim Vligiaia. 

vend. In the case of their equality, their orbits must inter- 
sect if elliptical, but coincide if circular, when the stars will 
pursue each other along the same track, while occupying in it, 
at each successive moment, diametrically opposite positions; 
nor could either, during an eternity of undisturbed revolution, 
gain a hair's breadth upon the other. But circular move- 
ment is not even approximated to by telescopic binaries, 
which usually foUow highly eccentric paths. 

We may take 7 Virginis as an example of a pair moving 
in equal eUipees, the relations of which are shown in Fig. 24. 
They have, it will be seen, a common focus, the seat of the 
centre of gravity, from which the stars (being of equal mass) 
must always be equally distant. Neither can approach to or 
recede from this point of origin of the force acting upon them 
without the other simultaneously doing the same; the two 
must be in periastron and retire towards apastron together, 
losing and subsequently regaining velocity by the same grada- 
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tiona The stars of a Gentauri also travel in orbits sensibly 
equal, but much less elongated than those of 7 ViiginiB (see 
Fig. 25). 

The movements of unequal stars are similarlj conducted. 
That is to say, ^^profwUon of their respective distancffl from 
the common focus is invariable. They are accordingly always 
found in corresponding parts of their orbits, and at opposite 
ends of a right line passing through the focus. The manner 
of their revolutions can be realised by a glance at Fig. 26, 
representing the orbits of Sirius and its companion, the small 
ellipse belonging of course to the bright star. 

Obviously, from what has been said, knowledge of the 
relative masses of binary stars would ensue upon knowledge 
of the relative dimensions of their separate orbits. This, 
indeed, is not within easy reach. Befined measurements, in a 



F10.S6.— OrbitioftbeOoiDponflntStHB * Fla M.-Ort)lte oT SMw and ifi 

of Alplia CenteorL oompuiiCMi. 

prolonged series, of the individual components must first be 
secured, either with the transit-instrument or by micrometrical 
reference to some adjacent star.^ From the proper motions 
of binary systems information of the desired kind may, in 
some cases, be elicited ; for the track pursued by each star is 
necessarily, if their orbit be seen under a fairly wide an^e» 
a sinuous one, like that of the moon round the sun, while 
the centre of gravity of the two advances uniformly in a 
straight line. Now this neutral point was, by Mr. Stone in 
1876,^ and again after twenty years by Mr. Soberts,' fixed 
about midway between the components of a Centaur! Tbqr 
are, accordingly, almost equally massive; yet the ratio of 
their luminosity is as four to one. Sirius, again, deviates 
from rectilinear motion to nearly half the extent that its 
companion does; it is, then, twice as massive, but 4300 

* Pickering, :Prot. Am»r, Acad. voL viii. p. 6 (1881). 
• JiofUMy NoUees, toI. xxxvi p. 258. » A»tr. Naeh. No. 8«60. 
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times more luminous. And evidence of the same nature 
shows Frocyon, while outshining its satellite 4700 times, 
to outweigh it no more than seven times. Analogous 
instances are gradually multiplying. Professor Comstock 
has ascertained that the faint companion of 85 Pegasi con- 
tains more matter, in the proportion of five to three, than its 
comparatively brilliant primary;^ and similarly, a fourfold 
predominance in mass is assigned by M. Adalbert Prey to the 
six times less brilliant member of the interesting pair 70 
OphiuchL* There remain six couples, the relative masses of 
which have been determined by Mr. Lewis from the Greenwich 
meridian observations. They are: 7 Virginis, ^ Herculis, 
1} CassiopeisB, o^ Eridani, ^ Ursse Majoris, and ^ Scorpii. 
Only for the first a normal result (if we may call it so) was 
obtained. The stars of 7 Virginis seem perfectly matched 
in every respect — ^in average lustre, in spectrum, and in 
attractive power. In all the other pairs, varied degrees of 
disparity were met with, the component inferior as regards 
Ught bcdng uniformly superior in the government of motion. 
In the system of f Herculis, which revolves in thirty-five 
years, the mass seems evenly divided, while no more than 
one-sizteenth of the total light Is given by one of its members. 
Mr. Lewis has, moreover, detected anomalies in the move- 
ments of this pair suggesting the perturbative influence of 
an invisible body. The disproportion between mass and 
luminosity, which appears to be rather the rule than an 
exception among binary stars, has a most important bearing 
upon their physical history ; but we shall not learn its full 
meaning until distinctions of spectrum are correlated with 
discrepancies in relative brightness. 

Ptofessor Pickering ' and Mr. Monck ^ of Dublin separately 
perceived the existence of a relation between the movements 
and magnitudes of binaries, rendering it possible to determine 
their comparative luminous power proportionately to mass 
quite independently of their distancea It is necessary, 
however, to assume either that the components of each pair 

> Astropk, Joum, toI. zyii. p. 228. ' As6r. Nach. No. 3946. 

• Proc Am, Acad. toI. viii. p. 14 (1881). 

^ Oftjenu/ory, toI. z. p. 96 ; Knowledge, vol. zii. p. 141 ; Joum, Brit. Astr. 
Ass. ToL Tiii. p. 179. 
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are of similar quality in this respect, or else that one of 
them is of negligeable mass ; nor does the formula distinguish 
between extent of surfietce and intensity of shining. The 
bodies considered may owe their differences in '' mass- 
brightness " either to variety in mean density, consequently in 
the extent of shining surface, or to variety in actual brilliancy, 
area per area. The effects observed by us would be the same. 

The results obtained confirm the prevalence of astonishing 
varieties in the emissive powers of stars. Taking f Vtbsb as 
the standard pair, Mr. Gore calculated in 1891 ^ the relative 
brightness of about sixty binaries moving in determined 
orbits. The tabulated figures are curious, even setting aside 
such objects as Castor and 7 Leonis, which came out phe- 
nomenally brilliant because of the exaggerated length of the 
periods assigned to them by earlier computers. The duskiest 
stars in the list are those composing o^ Eridani, which revolve 
in 180 years, and considerably exceed the sun in gravitating 
power, although claiming respectively only ninth and tenth 
magnitude rank. Admitting their density to be the same 
as that of ( Ursse, they seem to be intrinsically 660 times 
less luminous. On the other hand, X Ophiuchi and 7 Coronse 
Borealis are, the first, twenty-nine, the second, twenty-one 
times more brilliant ; ^ Hercults and 7 Virginis, notwith- 
standing the difference of their spectral types, are about on a 
par in this respect, each couple shining with five times the 
standard lustre ; while 70 Ophiuchi and 17 Cassiopeifie main- 
tain the similarity of their general character by their agree- 
ment in possessing a surface-brightness only one-third that 
of ^ Ursse. The only rule governing these diversities is that, 
on the whole, Sirian stars are much more lustrous propor- 
tionately to their masses than solar. Corresponding data 
regarding stars with banded spectra would be especially 
valuable ; but are unattainable, since objects of the Idnd are 
usually immobile, or inordinately slow in circulation. 

The most striking general peculiarity of binary orbits is 
their high eccentricity. Nearly all of them are greatly more 
oval than the planetary paths round the sun, and a large 
proportion approach to cometary shape. In the ''mean 
stellar ellipse," the focus of revolution ia situated just half- 

^ Proe. Boy. Iriih Acad. yoL i. Na 4, Srd sarieft. 
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way between the centre and one of its extiemities. The stars 
are, accordingly, separated at apastron by four times their peri- 
astron distance. '' The average eccentricity among the doable 
stars," Dr. See writes,* " is more than twelve times that found 
in the planetary system, and this extraordinary result is 
manifestly the expression of a fundamental law of nature." 
Indeed, an improved star-orbit is commonly more elongated 
than the one it replacea Professor Hussey, for instance, in 
recalculating the elements of S Equulei, found it necessary 
to triple the previously assigned eccentricity. 

llie circulation of binary stars is indifferently retrograde 
or direct. No tendency is perceptible towards concordance 
regarding the direction in which their tracks are pursued. 
Nor do they affect a common plane. They lie at all possible 
angles towards the Milky Way, and seem wholly exempt from 
its influence.^ The existence of a fundamental plane of 
movement would be of high significance as regards the history 
and relations of the sidereal world ; yet the whole drift of 
modem research suggests, rather than the dose and rigid 
union between its parts which it would indicate, a loose con- 
nection destined to be extensive)/ modified by time. 

^ JSoolution of the SUllar Systems, p. 251. 

' Ibid, p. 248. An ftnalogous conclusion had been somewhat earlier reached 
by Miss Alice Everitt. 
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CHAPTER XIII 

VABIABLE DOUBLB STABS 

Thb light-changes of double stars are commonly of a fitful 
and indecisive kind. They may afifect one or both members 
of stationary pairs; but visibly revolving stars, as a rule, 
conspire to vary, if they vary at alL The alternating fluc- 
tuations of 7 Yirginis, discoverable only by close attention 
to the swaying balance of lustre between the components, are 
in thfs respect typical Each may be described as normally 
of the third magnitude, and each in turn declines by about 
half a magnitude and recovers within a few days, yet ^ that 
the general preponderance during a cycle of several years re- 
mains to the same star. The existence of this double perio- 
dicity was recognised in 1851 by M. Otto Struve, who, how- 
ever, despaired of investigating it with success in a latitude 
where the stars subject to it never rise more than 30^ above 
the horizon.^ Nor has anything more definite been since 
learned on the subject. Instability still persists. It is made 
evident by frequent inversions of the position-angle, accord- 
ing as one or the other component, taken to be superior in 
brightness, is chosen as the origin of measurement ; ' but no 
trace of regularity is apparent in these inversions. 

The pair circulates in the most eccentric of ascertained 
stellar orbits (see Fig. 24). The ellipse traversed by 7 Virginis 
in 194 years is, in fact, proportionately somewhat narrower 
than the path round the sun of Encke's comet, so that the 
stars will in 1934 be separated by at least thirty times the 
sky-interval between them in 1836, when they merged into 

^ OhservcOions de Povlkawa^ t ix. p. 122. 

' Gore, Knowledge, vol. xxii. p. 201. 
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a single teleacopic object A spectrom of late Sirian pattern 
is combined with a perceptible tinge of yellow in their light 

Belative variability is in 44 Bootis still more marked than 
in 7 Virginia But here a fundamental disparity between the 
components is seldom and temporarily abolished. Noted by 
Herschel as considerably unequal in 1781> they appeared to 
him perfectly matched in 1787. And it is worth noting that 
they had in the interim passed periastron. Struve observed, 
June 16, 1819, a difiTerence between them of two magnitudes, 
which had sunk to half a magnitude in 1833. Argelander 
found them precisely equal June 6, 1830 ; Dawes perceived, 
April 27, 1841, a slight advantage on the side of the usually 
smaller star; while the superiority of its companion was recorded 
by M. Dun^r at Lund as ranging, during the years 1869 to 
1875, from 0*4 to 1-3 magnitudea^ Since their changes, 
often simultaneous, are not always in the same direction, their 
combined variability has never been conspicuous, the brighten- 
ing of one tending, on the whole, to neutralise the fading of 
the other. The stars of 44 Bootis, according to Doberck's 
elements, traverse a highly eccentric orbit in a period of 261 
years. Their tints, varying &om yellow and sky-blue to 
white and dull grey, cannot be without influence upon their 
photographic magnitudes, deteimined at Paris in 1886 to be 
5'3 and 6. Their joint light, though of the same spectroscopic 
quality, has then only one-twelfth the intensity of that of 7 
Virginia 

The component stars of ^ Bootis when photometrically 
measured at Harvard Coll^ in 1883 were of 4*4 and 4*8 
magnitudes, but the order of their brightness has been at 
least three times reversed during a century of observation.^ 
Their period of revolution must be of prodigious length. 
From 1796 to 1841 they appeared fixed; then a very slow 
wheeling movement became perceptible, accompanied by a 
diminution of distance, and it now taxes the powers of the 
best telescopes to divide them.' Their spectrum is of the 
Sirian typ& 

' Lwnd ObserwUums, 1876, p. 74. 

' harvard Afinals, voL ziv. p. 458 ; Observations de PouUcoum, t. ix. p. 
143 ; Don^r, MAsurts MteromHriques, p. 68. 

* Croasley, Handbook of Double StarSt p. 299 ; Tamnt, Joum. Liverpool 
Atir. Society, vol. v. p. 77. 
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An analogous objeot is a Piscimn, made up of a fourth and 
a fifth magnitude star at 3" distance, and revolving in a period 
unlikely to be much less than two thousand yeans. The 
larger certainly varies in light, and perhaps also in colour, 
the smaller certainly in colour, and perhaps also in light^ 

An observation made by Mr. Tebbutt in New South Wales, 
August 22, 1887, gave a unique proof of the relative varia- 
bility of a dose double star in Virgo (OS 256). At its occulta- 
tion by the moon on that night, the chief part of the light 
went out with the disappearance of the reputed lesser star, 
the component which had of late passed for its primary 
remaining still for a few moments separately but dimly 
visible.' Similar but less marked reversals had already been 
noticed by O. Struve and Dembowski in this slowly circulat- 
ing pair.' 

Dr. Anderson has alleged convincing proofs that Eridani, 
now of the third magnitude, was assigned first rank by Ptolemy 
and Al Siifi.^ The star is a fine pair just perceptibly revolv- 
ing;* but there is nothing to tell which component has 
suffered most from the ebb of light since the tenth century, 
or whether it has affected both equally. The kind of varia- 
bility most distinctive of double stars might be described as 
a tilting of the luminous balance, now in one direction, now 
in the opposite, according to no settled law. It is exemplified, 
according to M. Flammarion in y Arietis ; it is, or has been, 
also present in Serpentis, 38 Gteminorum, tt Bootis, e Arietis, 
and many other couples, most, if not all of which give spectra 
of the Sirian type. Their agreement in the possession of this 
particular quality of light is the more remarkable from its 
being the badge in solitary stars of exceptional stability. 
Every " white star," so &r known to be variable, has proved 
also to be compound ; and those of the Algol class are so far 
from making an exception to this rule, that they rank with 
the swiftest of possibly existing binaries. 

Among the very few helium stars which have had 
periods of light-change assigned to them are S Orionis and 

^ Earvard AwmU, vols. xi. p. 112 ; xiy. p. 483 ; Flammftrion, Catalogue, 
p. 12. 

« ObHTvatary, vol x. p. 891. • Oba. de PotUkotoa, t. ix. p. 827. 

* Knowledge, roL xri. p. 124. ^ Innes, BeferenM Cat, p. 20 a. 
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S Monocerotis ; and in each caae on dubious grounda The 
first is widely double ; the second is the leading member of a 
straggling cluster, and was thought by Winnecke in 1867 
to change from 4*9 to 5-4 magnitude in 3* 10^ 38". It 
has two close attendants, both probably fixed. The system 
has no appreciable proper motion. Both S Orionis and 
S Monocerotis are now known to be spectroscopic binaries. 
The first was detected as such by M. Deslandres, the second by 
Professors Frost and Adams. 

Y Virginis combines the display of a first-type spectrum 
with liability to considerable, though intennittent, variations 
in light.^ Struck by its peculiar brilliancy, June 6, 1866, 
Schmidt investigated its history from the tenth century down- 
ward, and concluded it to fluctuate irregularly from the fifth 
to the eighth magnitude. The anomaly of such changes in 
a Sirian star was brought more into harmony with other 
examples by Bumham's division of it at Chicago in 1879, 
into two nearly equal components less than half a second 
(0'''47) apart.^ His subsequent observations have given no 
satisfactory evidence of alteration, either in brightness or 
position, during twenty years.' This singularly interesting 
system should not be neglected by the possessors of great 
telescopes. 

The variations of U Puppis in fourteen days, from 6 to 
6'8 magnitude, detected by Mr. Espin in 1883,^ derive added 
interest from the strong probability that they integrate the 
changes of two close components. The star is the chief 
member of one of Struve's wide fixed couples (S 1097) ; after 
being "elongated" by Dembowski in 1865, it was folly 
resolved by Bumham in 1875 into an unequal pair at an 
interval of 0''*80. No symptoms of orbital movement have 
as yet been derived from it, and those of luminous in- 
stability seem suppressed. The case recalls the effaced 
periodicity of S Monocerotis, and is, in a measure, typical. 
The spectrum is of the solar type. 

A corresponding long-period star is 17 Geminorum, per- 

^ Aitr. Naeh. Ko. 1597 ; Ha/rvofrd Afimals, vol. zir. p. 456 ; Gore, Know- 
Udge, vol. xiii. p. 204. 

^ Ob$ervatory, vol. iii. p. 192. * Qtn. CkU. p. 126. 

« Monthly Notices, toI. xlvii p. 482. 
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ceived by Mr. Bumham during a yisit to Mount Hamilton in 
1881, to form "a splendid unequal pair, likely to prove an 
interesting system."^ Its revolutions, shown by remeasure- 
ments in 1897 to be in slow progress,* will deserve the more 
attention that they are the first attributed to an Antarian 
star. As a variable, 17 Gteminorum may be described as an 
abortive specimen of the Mira class. Its phases, run through 
in a period of 229 days, are always ill-marked, and at times 
almost wholly suspended. The share of the companion in 
bringing about these arrests of change has yet to be de- 
termined. Indeed, the more potent influence may belong to 
a second, closer attendant apparent only through motion-shifts 
in the spectrum of the variable, detected by Professor Campbell 
in 1902. Should it prove to revolve in 229 days, the fiGict will 
be of great importance to the theory of long-period variability. 

The short-period variable, B Cephei, governs a somewhat 
similarly constructed system; but its sea -blue satellite is 
remote, and appears stationary. The primary of the chro- 
matic pair, fi Cygni, too, is undeniably variable, though its 
variations are of an elusive kind. It shifts quite capriciously 
on the light-scale from 3'3 to 3*9 magnitude;' and recovers 
by the same imperceptible gradations that it lost brightness. 
The fluctuations long imputed to the companion of 8 Cygni * 
are probably of atmospheric creation.* The object, at all 
times difficult and delicate, is readily obliterated by air- 
troubles ; the more readily, perhaps, because of its variability 
in colour. Struve found it of an ashen shade from 1826 to 
1833; in 1836 of a bright red.^ It has since generally 
appeared blue ; but Dun^r saw it once olive, at other times 
red ; and intervals of greyness are on record. No orbit yet 
computed for this pair inspires much confidence ; Mr. Gore's, 
with a period of 377 years, is doubtless the best derivable 
from insufficient materials. 

The presumption of sympathy in light-change between 
intimately united stars, although recommended by appearances, 

1 Monthly Notices, vol. zlyii. p. 204 ; Jstr. Notch, No. 2930. 

« (7«». C(U. p. 76. 

* Klein, Astr. Nach. No. 1663. 

^ Henchel and South, PhU, Trans, vols. oxiv. p. 339 ; oxvL p. 376. 

' DunAr, Ai^ures MieromUriques, p. 118. 

' " Color comitis egregins," Mens, Mierom. p. 297. 
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has not jet been strictlj tested ; but the converse proposition, 
that agreement in light-change implies physical connection, is 
of all but self-evident truth. Two variables in Cygnus/ for 
example, situated 24" apart, may safely be assumed to con- 
stitute a system, their " ruddy and coerulean " tints being a 
confirmatory circumstance. A still more striking combination 
is presented by U Gassiopeiae and a blue companion at 59", 
with which its strong red glow at times contrasts splendidly. 
The principal star fluctuates irregularly from the sixth to 
below the ninth magnitude; the attendant from the eighth 
to the tenth. The probability of their being united by a 
special tie is overwhelming. Accordant variability of a 
conspicuous kind is an argument for its existence to the full 
as convincing as the possession of a common proper motion. 

The crimson tint of U Cygni, discovered by Mr. Knott in 
1871 to vary from above the eighth to below the eleventh 
magnitude in a period of 466 days, was described by Webb as 
'' one of the loveliest in the sky." It is set off by the blue 
rays of a companion at 6^^, which seems to fluctuate in 
colour, but little, if at all, in light. Their azure is, however, 
no mere optical effect of contrast, since (though capable of 
&ding independently)* it survives without alteration the 
telescopic extinction of the adjacent red luminary. U Cygni 
is the only star belonging to the fourth spectral order open to 
a suspicion of being in systemic connection with a neighbour. 

A good many variables have satellites as to which no such 
suspicion arises. Thus, the ninth-magnitude star within 46^^ 
of the beautiful " carmine " tinted object S Orionis is undis- 
tinguished either by colour or change, and they hence very 
likely form only a perspective couple. The same inference 
applies to three small stars contiguous respectively to 
B Cassiopeiad, B Crateris, and Mira Ceti, detachment through 
the proper motion of the variable being, in the last case, 
visibly in progress. 

The light-changes of connected stars indicate duplicity as 
one of the causes tending to produce fluctuations of a certain 
ill -pronounced type. For we can safely assert, from the 

1 h 1470=Lalando 38428. 

* Birmingham, Trans. H, Irish Acad, toI. xxyL p. 800 ; Gemmill, English 
Msehwnic^ vol. xItL p. 840. 
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character of their spectra, that most of the objects exhibiting 
them would shine steadily if single. This relation is rendered 
the more significant through the possibility first obscurely 
brought into view by Sir Norman Lockyer's meteoritic theory, 
that variability of every kind depends for its production 
upon external action by closely circulating and to us invisible 
bodies. A test too may be furnished by fluctuating couples 
to the opinion that luminous instability belongs to a late 
stage of stellar existence. The contemporaneous origin and 
similar constitution of members of binary systems are indi- 
cated to our minds as highly probable. If this be so, 
development should, according to the received opinion, pro- 
ceed, other things being equal, quickest in the smallest 
masses, more slowly in the larger.^ Hence, if it were true 
that variability accompanied decline, companion-stars should, 
one might suppose, be far more unstable in light than their 
primariea But this anticipation is far from being realised. 
Variable primaries are more frequently met with than vari- 
able satellites. It is scarcely, indeed, too much to say that 
in every undoubted case of variability in one member only of 
a pair, the member it distinguishes is the principal star. 
Nor, even if we were sure that the pace of evolution in 
star-systems is prescribed by mass, would it be safe to 
conclude anything as to its distribution from observed differ- 
ences of briUiancT^. Mass and luminosity are not comparable. 
Predominance in light, as we have learned from repeated 
experience, is no valid argument for predominance in quan- 
tity of matter. This circumstance adds both difficulty and 
interest to the far-reaching question of the origin, history, 
and mutual relations of conjoined stars. 

' Lockyer, Proe. JR. Society, voL xliv. p. 90. 
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CHAPTER XIV 

SPECTROSCOPIC BINARIES 

The spectroscopic method of determining velocity has already 
been frequently referred to in these pages. We may now 
briefly explain the principle upon which it resta This is 
easy to apprehend, but extremely difficult to apply. Christian 
Doppler of Prague pointed out in 1842 that the motion of a 
luminous source towards or from the eye, or of the eye 
towards or from a luminous source, must alter the re&angi- 
bility of the incident light. It must diminish it if the 
relative movement be of withdrawal ; it must augment it if 
it be of advance. For refrangibility depends upon wave- 
length, and wave-length is the reciprocal of wave-frequency. 
In other words, the more vibrations are pressed into a given 
space, the shorter they necessarily are, and the more re- 
frangible the ray they conspire to form. But clearly, the 
light-waves emitted by a body travelling towards us arrive in 
quicker succession than if it were at rest ; they are shortened 
in the proportion of the rate of travel of the luminous object 
to the velocity of the propagation of light; and being 
shortened, they are rendered, ipso facto, more refrangibla 
An opposite efiect is produced by receding movement. The 
light-waves from a retreating body are lengthened ; there are 
fewer of them in an inch or a mile ; and they are accordingly 
rendered less refrangible. 

All this was fedrly obvious ; but it seemed questionable 
whether any practical outcome could be derived from the 
recognition of its abstract truth. The doubt was removed 
when Hippolyte Fizeau showed, in 1848, the feasibility of ^ 
using spectral lines as standards of reference for measuring 
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Digitized by CjOOQIC 



186 THE SYSTEM OF THE STAES 

the changes of refrangibility due to end -on motion. The 
rays, bright or dark, included in the spectrum of the travel- 
ling object naturally shift with the whole of its light-gamut. 
By juxtaposition, accordingly, with corresponding rays other- 
wise derived, and, of course, in their normal places, the 
amount of their shiftings becomes known, and hence the 
direction and rate of the movement producing them. Even 
then, twenty years had to elapse before Sir William 
Huggins made his pioneering experiments on the radial 
velocities of the stars; and twenty years further before the 
method was perfected by the adaptation to it, through 
Dr. Vogel's initiative, of the camera. 

The effects of motion on stellar spectra are illustrated in 
Plate X., which reproduces, by Sir David Gill's kind per- 
mission, one of the admirable spectrograms taken with the 
McGlean telescope by his assistant, Mr. Lunt. The rays 
analysed were those of a Phoenicis, a star of solar type, which 
retreats from the sun at the rate of 82 kilometres per 
second, or nearly thrice as fast as the earth circulates in its 
orbit. Let us consider how this is learned from the photo- 
graph. Five strips of dispersed blue light are included in it. 
A section of the solar spectrum is shown in two of them ; 
the same part of the spectnmi of the star adjusted to precise 
correspondence with the solar prototype, appears in the 
fourth strip from the top. The dark lines are in both 
almost identical; and that many of them claim an origin 
from iron- vapour, can be seen by a glance at the iron-spark 
comparison-spectrum, in which the rays, obscure in the sun 
and star, shine by direct emission. Now the iron-spectrum is 
given twice : in the second, and in the fifth, or lowest strips ; 
and there is a conspicuous difference between the present- 
ments of it. One is strongly displaced relatively to the 
other. This displacement measures the motion-shift in the 
spectrum of the star. The iron-lines below are fiducial ; they 
were photographed with the star, and served to determine its 
receding speed. The lines above were photographed with the 
sun, and being designed purely for purposes of identification, 
are arranged to coincidence with the star-lines. The glaring 
nature of the discrepancy between the adjusted and the 
non-adjusted iron-spectrum enables us to realise the possi- 
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bility of appreciating, by similar means, alterations of wave- 
length due to velocities of no more than one or two kilometres 
a second. 

Solitary stars, like our own, travel uniformly. Thair rate 
of transport does not vary sensibly from month to month, 
from year to year, perhaps from century to century. But 
with binary stars the case is different. Besides the constant 
velocity belonging to the system as a whole, they circulate 
round their common c^tre of gravity ; and the direction of 
their orbital movement as regards the earth is continually 
changing. Take, for instance, a pair revolving in the visual 
plana At some given moment their total speed of revolution 
vdll lie across the Une of sight. It will then be spectro- 
soopically ineffective ; the rays characteristic of its light will 
be in their standard places; no shifts will be perceptible. 
But when a quarter of a circuit from the points of con- 
junction haff been described, and the stars are at the opposite 
nodes of their orbit, the direction of movement, having 
turned through a right angle, will be straight end-on. Hence 
the spectral lines of the components will show contrary dis- 
placements corresponding to the entire velocity of their 
mutual circling. Two good spectrograms, accordingly, taken 
at the critical instants of conjunction and elongation, suffice, 
at least theoretically, both for the elimination of tianslatory 
speed, and for the determination of the actual rate of 
revolution; and this, when the period is known, gives the 
size of the orbit in miles or kilometres. Evidently, spectro- 
scopic measures at such times of visual pairs with securely 
computed elements would make us acquainted with their 
distance from the earth and joint gravitating power — 
even if their paths were inclined, at a considerable, though 
a known angle. The success of such investigations, it is 
true, long seemed remote; but it has now been achieved. 
Professor Hussey, in 1903, determined for S Equulei a 
" spectroscopic parallax " which inspires no small confidence.^ 
And still more recently. Dr. Palmer of the lick Observatory 
has computed, from the radial velocities of a Centauri, a 
value for its parallax in all but exact agreement with that 
derived from the most skilfril heliometric observations.^ Few 

1 Liek SuUetin, No. 82, see arUe, p. 168. * Ibid, No. 60. 
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telescopic binaries, boweyer, are drcometanced &yoiirabIy 
enoogb to invite the application of tbe method. The con- 
ditions propitious to it are rapid motion in a plane not much 
inclined to the sight-line, and considerable brilliancj in both 
the moving objects. Pairs that are easily divided rarely 
circulate quickly enough for the discrimination of differences 
in their radial velocities; and the most rapidly circulating 
pairs are those most apt to defy visual separation. The 
spectroscope, in fact, finds its opportunities just where the 
telescope encounters baffling difficulties; and this reciprocal 
relation, while it has helped to give almost indefinite ex- 
tension to our acquaintance with stellar systems, restricts 
opportunities for combining the methods, so as to connect 
the angular measures furnished by one with the linear orbital 
dimensions obtained by the use of the other. 

Stars revolving in or very near the visual plane must 
undergo, at any rate, partial eclipses. They are comparatively 
few; the great majority move in paths sensibly, though 
variously inclined to it. But as the tilt increases, the pro- 
portion of the velocity available for spectroscopic measure- 
ment, because directed radially, obviously diminishes. Wholly 
inaccessible to it, in fact, are such couples — and they may be 
very numerous — as circulate approximately at right angles to 
the line of sight For those with orbits intermediately 
situated, the apparent or measured radial velocity divided by 
the cosine of the angle of deviation from horizontality gives 
the actual radial velocity. If, for instance, the inclination 
amounted to 60^ only half the speed of revolution would tell 
in line - displacementa An average value for it of about 
30*" is regarded as probable;^ and this would give 100 
to 115 as the proportion of the observed to the true rates of 
circulatory motion. But estimates of the kind serve only to 
mislead if applied to individual systems. The safer course is 
to admit that, in the absence of occultation-phases, we can 
secure only minimum values for the velocities, distances 
apart, and masses of binaries spectroscopically detected and 
observed. 

They are extraordinarily numeroua Professor Campbell 
showed, in 1902,* the probability that, among the entire 
> But, Attroph. Jaum, vol. zi. p. 248. » Lkk BuUstin, No. 20. 
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multitude of stars, one in six or seven is so constituted ; and 
Professor Frost added wonder to wonder by the statement 
that helium-stars in particular yield so large a harvest of 
binaries that the chances are nearly even whether a given 
object of the kind will resist or surrender to the resolving 
powers of the spectroscope.^ One of the most curious facts 
about close star-pairs is the prevalence of extreme inequalities 
of lustre between their components. In very many, one is 
brilliantly luminous, the other so far obscure that no spectro- 
graphic impression can be derived from it. Some satellites, 
again, shine dimly; traces more or less pronounced of their 
action on the sensitive plate are perceptible; while finally, 
twin-stars are occasionally met with scarcely distinguishable 
by quantity or quality of light. To this category belong f 
Urs« Majoris and /8 Aurigse, the former detected by Professor 
Pickering in 1889, the latter shortly afterwards by Miss 
Maury. In both, the spectral lines are periodically photo- 
graphed as doublets, when the components of each pair, at 
their " elongations," are travelling full speed ahead and aback 
respectively, towards and away from the earth. The separa- 
tion of the lines thus corresponds (allowance having been 
made for the constant velocity of the system as a whole) to 
twice the rate of circulation, diminished, as we have ex- 
plained, in proportion to the inclination of the path traversed. 
Twice in the course of each revolution, stars of the kind we 
are now considering exhibit the phenomenon of doubled lines ; 
at the intermediate epochs of conjunction, they give a single 
spectrum. By timing these alternations, a period of twenty 
days has been deduced for ^ Ursse, one of four days for fi 
AurigsB. Miss Maury's binary, accordingly, changes its 
spectral aspect from day to day; and the indicated relative 
velocity of 160 miles a second shows it to possess at least five 
times the massiveness of our sun.^ 

A magnificent system of this tjrpe, but in comparatively 
alow circulation, is formed by Capella.* The light of a purely 
solar star, and of a companion somewhat less bright and some- 

^ Frost and Adams, Agtroph. Joum, vol. xviii. p. 883. 

* Vogel, SU9ung$beriekte, BerHn, March 10, 1904. 

* CampbsU, Lick Bulletimt No. 6 ; Asiroph. Joum. toL x. p. 177 ; Kewall, 
Manihl^ Notieei, toI. Iz. p. 418. 
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what leas maasiye, of the Procjon variety, are combined in 
this object; and thej mutually revolve in 104 days at the 
apparent or minimum rate of about seventy miles a second. 
The parallax of Capella, though small, is assured ; it gives a 
distance of forty light-years, whenoe we can infer that the joint 
lustre of the componaits exceeds more than a hundredfold the 
splendour of the sun« 

Couples consisting of two bright members are mudi easier 
of detection than those of which one is obscure. Duplicated 
rays in a stellar spectrum attract attention even on a crowded 
plate exposed with an objective prism, in a manner to secure 
wholesale records ; but the oscillations of single lines require 
the aid of a slit and a comparison-spectrum to make them 
evident. They evade notice unless the stars are separately 
studied Yet, despite observational difficulties, about 75 per 
cent of the spectroscopic binaries (to the number of nearly 
130) known at the end of 1904 have sensibly obscure com- 
paniona The first non-edipsing star recognised as double by 
the mere swinging to and fro of solitary lines was Spica 
(a Virginis). Dr. Yogel thus determined in 1890 its revolu- 
tion in four days round an attendant later shown to be very 
feebly luminous. Both members of the stately visual pair. 
Castor, on the other hand, circulate swiftly round bodies giving 
no sensible light. The quaternary system thus formed is of 
unique interest. Dr. Curtis,* the discoverer of one of the 
dark attendant stars (the other was found by B^lopolsky in 
1896), has determined for it — provisionally assuming the 
correctness of Doberck's elements — a spectroscopic parallax of 
0'''05, corresponding to a light -journey of 65 years, and 
implying a total mass for the four constituent globes nearly 
thirteen times that of the sun. But it seems to be very 
unequally apportioned. One of the revolving pairs exerts thrice 
the attractive power of its companion, while emitting only half 
as much light. The gravitational primary is the visual satellite, 
and vice versd. Only through the association of telescopic with 
spectroscopic measures, practicable by a rare exception for 
Castor, can inferences regarding the mass of bright and dark 
pairs become legitimate. Nothing definite can, under ordinary 
circimistances, be affirmed on the subject. For one com- 

^ Liek Bulletin, No. 70. 
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ponent bdBg invisible, the size of their relative orbit remains 
absolutely undetermined ; and the size of the relative orbit is 
a datum essential for computing the mass of the system, or 
even a minimum value for the mass, which, in our ignorance 
as to the lie of the orbit, is the utmost we could hope to 
arrive at. The relative orbit, as already explained, is the 
sum of the separate orbits ; or, putting it otherwise, the path 
described by one star round a companion taken to be at rest 
From its span, in conjunction with the period, the mass 
of the pair is dedudble. There is no means of learning it 
without knowledge of these two elements. The masses of 
bright and dark pairs can then, as a rule, only be guessed 
at with the unwarranted help of arbitrary hypothese& That 
of Spica, for instance, has been estimated at 2*6 times the 
solar mass ; but the value has only the authority of a plausible 
conjecture. 

From the measured movements of stars with shining com- 
panions, as already explained, the least possible amount of 
matter present in each system maybe learned. The orbit spectro- 
scopically determined being the foreshortened representation 
of the orbit actually traversed, is smaller in an unknown 
d^ee ; and the mass of the moving bodies varies as the cube 
of the orbital radius. The error of mass-determinations hence 
grows in a triplicate ratio to the error of the linear dimensions 
directly obtainable. Minimum values, nevertheless, are better 
than none at all ; they fix a limit of great importance ; and 
for one species of crypto-double stars they may almost count 
as absolute value& These are eclipsing pairs in which both 
components are bright. Y Cygni is a favourable example. 
The opposite movements in its system may be spectroscopically 
elicited ; the size of the relative orbit will thereby be given ; and 
since its plane is fixed by the occurrence of a twofold eclipse, 
the joint mass of the components can be ascertained without 
dubious assumptions. Several Algol -variables appear to be 
similarly constituted; but their investigation awaits the 
leisure of overtasked spectrographers. 

Few compound objects are more inviting to research than 
stars variable in short periods, though not through eclipses. 
Six have already been detected as spectroscopic binaries ; and 
the resolution of all may be regarded as depending merely 
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upon time and facUitj. The extreme interest of the questions 
connected with them is exemplified in ^ Geminorum, the 
radial velocity of which was found by Professor Campbell to 
be subject to a double periodicity, due, he surmised, to the 
influence of a second dark satellite ; ^ yet the stable construc- 
tion of a triple system on the indicated conditions seems 
a hopeless task. Again, k Pavonis varies from 3 '8 to 
5*2 magnitude in a mean period of nine days, affected, 
according to Mr. Boberts's observations,' by an inequality 
amounting to ten hours, comprised in a cycle of eight years. 
The duplicity of the star was ascertained by Dr. Palmer in 
1904;^ and before long an auswer may be furnished to the 
critical inquiry whether the disturbance of the light-period 
is reflected, or perhaps originated, by a disturbance of the 
gravitational period. 

Nor is it short-period variables alone which yield to the 
motion-test. The division of stars that fluctuate irregularly, 
or in long periods, is of not infrequent occurrence. Such is 
rj Greminorum, one of Burnham's unequal pairs, raised to a 
higher plane of complexity by the addition of Campbell's 
spectroscopic attendant.^ 

A period of about forty days is partially conformed to by 
the ebb and flow of luminosity in u Herculis, a helium-star 
visible, even at its dimmest stages, to the naked eya Detected 
as binary by Mr. Adams ^ at the Yerkes Observatory, it revolves 
round a seemingly dark companion at a high speed, but in a 
period which has still to be ascertained. The investigation 
of the system constituted by e AurigSB is also incipient 
Dr. Vogel's resolution of this object in 1902 into a bright 
unequal pair, with a relative velocity in the line of sight of 
nearly twenty-five miles a second, will be in the minds of our 
reader&^ Now e Aung® has, during the greater part of a 
century, been remarked for slight phases of light-change held 
to be quite capricious in their occurrence. Should Dr. 
Ludendorff's regularisation of them be verified by future 
observations, their twenty-seven year period will rank as by 

^ AHroph. Joum, vol. ziii. p. 90. 

' He does not place implicit confidence in them, Attr, Jowm. No. 568. 

* Liek Bulletin, Ko. 60. « Ihid. No. 20. 

^ Attroph. Joum. vol xvii. p. 281. * See atUe, p. 105. 
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£Gur the longest that can be aacribed to any form of stellar 
light-change. And it vdll be of great importance to correlate 
with it> if possible, the star's period of orbital revolution. 
There is, perhaps, no object in the heavens of more pregnant 
interest than this variable spectroscopic binary. 



«5 
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MTJLXIPLS STABS 

The further resolvabilitj of a great manj double stars is 
one of the most curious results of modem improyements in 
the optical means of observing them. With every addition 
to the defining power of telescopes, the visible complexity 
of stellar systems has increased so rapidly as to inspire a 
suspicion that simple binary combinations may be an excep- 
tion rather than the rule. The frequency with which those 
taken to be such have yielded to disintegrating scrutiny 
suggests at any rate some innate tendency, indicating that 
the duplicity of stars is no accident of nebular condensa- 
tion, but belongs essentially to the primitive design of 
their organisation. Although we can never become fully 
acquainted with all the detailed arrangements of stellar 
systems, we are then led to suppose them far more elaborate 
and vcoied than appears at first sight. Each, we cannot 
doubt, is adapted by exquisite contrivances to its special end, 
reflecting, in its untold harmonies of adjustment, the Supreme 
Wisdom from which they emanate. 

The continuance of the process of optical dissociation, begim 
by the splitting up of an apparently simple star, sometimes 
shows the primary, sometimes the satellite, not unfirequently 
both primary and satellite, to be very closely double. Ternary 
systems are accordingly of two kind& In one, the smaller 
star consists of two in mutual circulation and concurrent 
revolution round a single governing body; in the other, an 
intimately conjoined pair guides the movements of an un- 
attended attendant. The planetary type of construction is 
uncommon or unknown. No star has been ascertained to 

194 
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possess two or more companions circulating co-ordinately. 
Groups possibly indicating such a disposition of parts exist, 
but perspective may have a share in producing them. The 
variable S Monocerotis, with its two client-stars, is an example. 
Another is mentioned by Dr. See. Four extremely faint com- 
panions, at distances between ^j" and SQ'' from a sixth- 
magnitude star in the Poop of Aj^o (Cord. G. G. 10534), 
have been detected by him and his predecessora The group 
is thus commented on by him : — " Quintuple ! Probably a 
complicated physical system ; the only stellar system I know 
of constructed on a plan in any way analogous to that of the 
planets."* There is, however, at present no proof that the 
arrangement may not result, at least in part, from the chances 
of perspective juxtaposition. 

Among the most interesting triple stars of the double- 
satellite description is the brilliantly coloured 7 Andromedse. 
The original components, of third and fifth magnitudes 10^ 
apart, remain in statu quo since they were seen by Father 
Mayer in 1777, but their secular journey together over an 
arc of lO'' establishes the genuineness of their relationship. 
In 1842 the sea-green companion was found to be itself doubla 
With the 15 -inch Pulkowa refiractor, Otto Struve caught 
sight of a thin black line (representing probably a gap of 
some thousands of millions of miles), dividing it into two stars, 
the fGtinter of about sixth magnitude, which within fifty-five 
years completed a revolution in an orbit not much less eccentric 
than-that of 7 Virginia.^ 

A pair in some respects similar, but much fEunter, is 
attached at about the same apparent interval to the lustrous 
white star BigeL An excessively difficult object at the time 
of its detection, it later became impossible. Its elongation, 
suspected both by Bumham and Herbert Sadler in 1871,' was 
verified at Chicago and Mount Hamilton in 1878-79. Then, 
for nearly twenty years, no sign of duplicity could be elicited 
from it^ Change, under the circumstances, seemed much 
more probable than error ; and its rapid progress was indicated 
by Professor Aitken's reobeervation of the sapphire attendant 

* Attr, J&um. No. 481. 

> W. J. Hnsaey, Publ, Lick OhmrwUry, toI. v. p. 45. 

' AtiT» Megitter, voL XTui. p. 15. * Bnniham, CfeiL Cat. p. 69. 
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upon Bigel/ as palpably double in 1898. Nevertheless, 
after two years, the evasive satellite was again undiscemible.* 
The riddle of its existence may be finally solved by the aid of 
a spectrographic apparatus of great light-collecting power. 

A ternary group, corresponding to these two in plan but 
greatly enlarged in angular scale, consists of a 4*6 magnitude 
star, designated by Flamsteed 40, by Bayer o^ Eridani, with a 
fieiint and far-away double satellite already referred to,' all 
three discovered by Herschel in 1783. The association of the 
pair with the large star at so great an interval as 82" would be 
improbable, were it not certified by their possession in common 
of an exceptionally swift proper motion. An advance during 
the last century over a space nearly equal to a quarter of the 
moon's diameter has modified their relations only by a trifling 
approach to their primary of the dependent stars, due perhaps 
to slow circulation round it in an orbit presented edgewise 
to our sight 

They have, in the meantime, almost finished a circuit of 
one another, and will have completely finished it within about 
180 years from the date of their detection.* And since their 
distance from the earth has been measured, the real size of 
their orbit and their joint mass are also known. We find then 
that the average interval between them is thirty-eight times 
that separating the earth from the sun, so that (their path 
being only moderately eccentric) they never approach as near 
to each other as Neptune does to our central orb, which they 
together surpass 1*6 times in gravitative power. But in their 
place, frt)m which light reaches us in twenty years, the sun 
would shine as a fourth-magnitude star, while they combine 
into one of only ninth magnitude. Their feeble luminosity 
thus once more forces itself upon our attention, and compels 
us to reflect upon the possibility of whole systems existing in un- 
impaired mechanical perfection, but wrapped in perennial dark- 
ness. For what purpose existing, who can tell ? The flight 
of our thoughts is short and the ultimate aims of the Maker 
are remote. Attempts to compass them are foredoomed to 
failure. 

^ Fnf, Attr. December 1898, p. 585. 
* Luik Bulletin, No. 11. ' See anU, p. 8i. 

« Bumham, M<mMy NoHea, voL liii. p. 478. 
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Doable primaries occur as freely as double satellites ; and 
their common centre of gravity presumably constitutes the 
focus of attraction for their remote attendanta Castor 
splendidly illustrates this plan of construction, carried out on a 
vast scale in its system, which includes five members; the 
lucid components, a far-off captive star borne in their train, 
and the obscure adjacent masses disclosed only by their 
spectroscopic effects. Another specimen is 6 Equulei, one 
of Herschel's pairs, the larger member of which was again 
divided by Struve in 1835. The feat had become possible 
through the progress of orbital motion, the continuance of 
which has since rendered it easy. Signs of circulation in 
the 7*5 magnitude star at ll'^^ are scarcely, if at all, 
perceptible. Yet it is an undoubted satellite of the dose 
couple. 

The movements of the third star (of 7'1 magnitude) in 
the ternary combination ^ Soorpii, seem to progress in an 
opposite direction from that of the close double star which 
controls them at an apparent distance of *!" ; but their nature 
and method are still imperfectly developed. The primary in 
this system consists of two fifth-magnitude stars, formerly just 
separable with a good 4-inch telescope, but now only 0"'*! 
apart. The orbit assigned to them by Dr. See * approximates, 
in an unusual degree, to a circle, and is traversed in 104 years. 
Their spectrum is of the Sirian typa The eighth-magnitude 
companion of e Hydrse has described, since its discovery by 
Struve in 1826, an arc of over 40^ at a distance of 3^ Its 
blue tint is charmingly set off by the warm yellow of the chief 
star, divided by Schiaparelli in 1888 into a difBcult pair re- 
volving (by Professor Aitken's elements) in less than sixteen 
yeara Possibly, the process of resolution has not reached its 
term ; for Dr. Curtis measured, in 1900, fluctuations in the 
radial velocity of the leading component They more probably, 
however, depend upon its revolution in the visual orbit.* Un- 
doubted spectroscopic binaries nevertheless frequently occupy 
analogous positions. Besides the systems of ^ Ursce Majons, 
and 17 Geminorum, those of ^ Ursce, fi Scorpii, and k Pegasi 
are thus composed. As a wide pair, k Pegasi was noted by 

^ FUnmuffioo, Catalogue, p. 189. * StsUar SysUmt, p. 178. 

' Lick ^uZMtfi, Koe. 4, 86. 
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Herschel in 1786. The question is still open whether his 
eleventh-magnitude companion has any physical connection 
with the nuclear group. This consists of a fisurlj equal pair, 
recognised by Bumham in 1880/ and found to revolve in 
11*4 years; together with an unseen companion to one of 
them, detected by Campbell in 1900, and completing its 
circuits in about six days.' 

The relations of the stars compounded in fi Scorpii are no 
less remarkable. Two, of respectively third and sixth magni- 
tudes, were first observed by Herschel in 1779 ; the third, 
discovered by Burnham a century later, makes with the 
primary an extraordinarily difficult, unequal pair at 0''96.' 
A fourth has been spectrographically measured by Mr. Adams.^ 
It is a lustrous object with a helium spectrum, and revolves 
at high speed in a period estimated at 6^ 21^^ No visible 
relative movements have yet been perceived in the system of 
fi Scorpii, which nevertheless asserts its organic unity by the 
harmony of its advance through space. 

One of the most curiously interesting of all the stellar 
systems known to us is ternary from an optical, quaternary 
from a physical point of view. It is composed of one 
obscure and three bright members, all in comparatively rapid 
mutual circulation. The division of f Gancri, by Tobias 
Mayer in 1766, into a fifth and a sixth magnitude star about 
5^'' asunder was the preliminary to Herschel's further analysis. 
"If I do not see extremely ill this morning," he ¥rrote on 
November 21, 1781, "the large star consists of two."* This 
was the earliest example of the decomposition of a double into 
a triple star. The next distinct view of these close objects 
(called for convenience A and B, the remoter star C) was ob- 
tained by Sir James South at Passy in 1825, but Struve's 9-inch 
Fraunhofer showed them easily, and they have never since been 
lost sight of. Beobservation at once rendered patent their 
swift movement of revolution. Before the close of 1840 they 
had, by resuming the positions in which they were originally 

^ General Oatalaguet p. 2S4. 

' Ash'oph, Jcum, YoL ziL p. 267. 

» Monthly Notices, voL xl. p. 100 ; Geneml Catalogue, p. 146. 

* AetropK Joum. vol. zTiii. p. 69. 

' Lowell Observatory Bulletin, Ko. 1. 

* Crosaley, Handbook, p. 247. 
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obaerved, authoritativelj declared their period to be not far 
from sixty years. And their orbit lies in a plane so nearly 
square to the line of sight, that foreshortening takes little 
effect upon it, and occultations are hence impossible. Although 
the maTrimum interval between the stars scarcely exceeds one 
second, and the minimum interval is no more than 0''*2, they 
never close up beyond the dividing powers of first-class 
instruments. 

But the orbital movements of the couple A B make only 
part of a complex scheme of displacements. " This star," Sir 
John Herschel remarked in 1826, "presents the hitherto 
unique combination of three individuals, forming, if not a 
system connected by the agency of attractive forces, at least 
one in which all the parts are in a state of relative motion." ^ 
He added that, if really ternary, its perturbations must 
present '' one of the most intricate problems in physical astron- 
omy"; and Professor Newcomb holds it probable that the 
laws of motion in such combinations must, in general, be 
" too complicated to admit of profitable mathematical investi- 
gation." * 

The star C apparently retrogrades round A B at an 
average rate of half a degree a year, indicating (if maintained 
with approximate uniformity) revolution in a period of 600 
or 700 years. But this average rate is subject to very 
remarkable irregularities. The path traced out in the sky, 
fax from being a smooth curve, is looped into a series of 
epicycles, in traversing which the star alternately quickens and 
slackens, or even altogether desists from its advance, while 
increasing or diminishing, by proportionate amounts, its 
distance from the centre of motion. This anomalous 
behaviour, detected by M. Flammarion in 1873,® was both 
detected and interpreted by Otto Struve in 1874.^ The 
vagaries of the third component of ^ Gancri proved, from his 
investigation, to be very far from unmethodical. The accelera- 
tions which they included were shown to be perfectly com- 
pensated by retardations, and to be accompanied unfailingly 
by expansions outward of the parts of the track where they 

* fhiL Tram, vol. oxtL p. 826. 

* The Simrs, p. 164. ' Catalogue, p. 49. 

^ Carnptei Bendus, t. Izzix. p. 1463. 
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oocorred, while contractionB inward attended Blackened move- 
ment& An explanation too was hazarded, the substantial 
truth of which was attested by M. Seeliger^s elaborate reaeaichea^ 
It seems then that the star C is merely a satellite to a 
dark body round which it describes, in 17^ years, a little 
ellipse with a mean radius of one-fifth of a second Together 
this singular pair circuits, or, more probably, is drcuited by 
A B, the invisible disturbing body being the most massive of 
the system* If this be the case, it is also, of course, the most 
nearly stationary, and should be r^arded as the centre round 
which the lucent trio revolve — an arrangement hinting to us 
that the collocation in the same orb, familiar to us in the 
solar domain, of the functions of rule and light-giving, may, 
on occasions, be dispensed witL An antiL-Copemican ^frstem, 
at any rate, appears to be to some extent exemplified by 
( Cancri Here a cool, dark globe, clothed possibly with the 
vegetation appropriate to those strange clim^, and plentifully 
stocked, it may be, with living things, is waited on, for the 
supply of their needs, by three vagrant suns, the motions of 
which it controls, while maintaining the dignity of its own 
comparative rest, or rather of its lesser degree of movement. 
For the preponderance of this unseen body cannot approach 
that of a sun over its planets ; hence its central position is by 
no means undisturbed. We must not forget, meantime, that 
its existence is to some extent hypotheticaL Mr. Bumham 
thought it an evanescent creation of accumulated micro- 
metrical errors;^ and Professor Frost in 1904 feiiled to elicit 
any spectroscopic evidence of the. eighteen - year period 
ascribed to the third star.' The close pair (according to 
Pickering's calculation) possesses nine times the solar emissive 
power relatively to mass ; and all the three visible components 
show spectra of Sirian quality. Their real differences of 
magnitude, too, seem to be slight, although at times 
exaggerated by relative variability. The entire group is 

1 SiUnmgsberiehte, Wian. Bd. Ittxiii. Abth. 2, pi 1018 ; DmkschHJUi^ 
Mimioh, Bd. xvii Abth. 1, 1889 ; Haner, A$^, Nach. Ko. 2704 ; OharvtOory, 
▼ol. ziL p. 116. 

' McnMy Notieei, April 1891, Noyamber 1892 ; Aihr. and Astrcphynes, vol. 
zU. p. 872 ; SeeUger, ibid, vol ziii. p. 802 ; Attr. Na€h. Ko. 8165 ; Sittmnga. 
Bay$r. Akad. Bd. zziy. Heft, iii 1894. 

* Astrcph. Joum, toI xiz. p. 866. 
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transported through space at the rate of 15'^ a century, but 
its distance from the earth is unknown. 

A quadruple system of remarkable tjpe is formed 
by ^ XJrsse Majoris with three variously related bodies. 
Besides its spectroscopic and telescopic attendants, the one as 
agile as the other is sedate in its revolutions, it claims the 
escort, on its indefinite journey onward, of the fifth-magnitude 
star Alcor, the two making the combination popularly 
designated the "Horse and Bider." Since the intervsil 
between them is of 11' 30'', they can easily be distinguished 
with the naked eye ; nevertheless Alcor, totally overlooked by 
the Greeks, was regarded as a test-object for keen eyesight by 
the Arab& Its gradual brightening is thus strongly sug- 
gested.^ The probability that Mizar and Alcor mutually 
revolve is strong, but not overwhelming; their connection 
migJU be otherwise explained. If they do, their animus magnus 
must be of enormous, to our ideas of interminable length. 

Seal quaternary stars are often self-discriminating; their 
arrangement into two adjacent couples asserts physical con- 
nection more strongly than any possible distribution of three 
stars can do. And in effect, several perspective groups of a 
single star with a genuine pair, such as S Equulei, 85 Pegaei, 
7 Tauri, and fi Delphini, are visibly in course of being dis- 
solved by proper motion, while no " double-double '' combina- 
tion has yet given signs of breaking up. 

A representative specimen of the latter class offers itself 
in € Lyrse, a star of the fourth magnitude, a little to the 
north-east of Vega. Exceptionally keen eyes show it as 
double, and one of the brilliant surprises provided by the 
heavens for Sir William Herschel was that of finding each 
component further divisibla The discovery, though beautiful 
and interesting,.was easy ; all the four stars can be seen with 
a good 3 -inch telescope. The "preceding" pair, or that 
which crosses the meridian first, is distinguished as e^, the 
"following'' pair as t? Lyrss; and Flamsteed attached the 
numbers 4 and 6 to them respectively. The former consists 
of a fifth and a sixth magnitude star 3^^ asunder; the con- 
stituent stars of €^ are nearly equal (6*3 and 6*6 magnitudes), 
and are set a little closer together (at 2'''46). Their revolu- 
1 Flammarioii, Oaiahffue, p. 76. 
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tions, too, appear to be perfoimed about twice as quickly as 
those of the neighbouring coupla From the shifting of their 
relative situations since 1779 by more than half a right 
angle, their period may be estimated at about 800 years; 
while that of e^ LyrsB is likely to exceed one thousand* The 
practicability of computing either orbit is still remote. 

The small common proper motion (9'' a century) of these 
blight couples affords positive evidence of their union into one 
vast system. At their unmeasured, perhaps immeasurable 
distance, the gap between them of 3^' may well stand for 
a chasm costing light itself some months to bridge ; yet the 
stress of their mutual gravity reaches across it, compelling 
their circulation in orbits so spacious that a single roimd of 
them must occupy an era of no insignificant duration, even in 
the life of a star. The four stars of e LyrsB give a spectrum of 
the first type, combined, in the leading couple, with a decided 
cast of yellow. But this in often the case with double stars. 

^A miniature of e LyrsB"^ is offered to our r^^ards in 
V ScorpiL This is perhaps the most beautiful quadruple 
group in the heavens, from the narrow limits within which 
the brilliant objects composing it are crowded. As a wide 
double it was noticed by 0. Mayer in 1776; after seventy 
years the smaller star was divided by Mitchel at Cincinnati, 
and the larger one of fourth magnitude yielded similarly, in 
1874, to the insistence of Bumham. Both pairs share with 
several neighboimng stars a slow drift through space.' They 
are 41" apart, and have as yet developed no systemic 
movements.^ i 

The sixth-magnitude star 86 Virginia may be said to 
consist of a double primary with a double satellite at 27^ 
Full acquaintance with the group was made through Bumham's 
analysLs of one of Struve's '' rejected" paira Its internal 
relations will need time to develop.^ A quaternary combina- 
tion of peculiar interest was detected by Mr. Innes in 1897.^ 
It consists of two close pairs, k Toucani and Lacaille 353, 
separated by the wide interval of 5' 20" ; yet, notwithstanding 

^ FlammarioD, Catalogtte, p. 96. 

* Innes, Reference CcUalogtte, p. 157 A. 

* Bnmbam, Oen. Cat, p. 149. ^ Ibid, p. 128. 

• Mmimy Notices, vol. Ivii. p. 456 ; JRef, Oai. p. 10 A. 
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the antecedent improbability of their connection, it is emphatic- 
ally asserted by the unanimity of their rapid rate of travel 
across the sphere. 

Eighteen "double-double" star-groups — one (Z 2435) 
with a span of no more than 15" — were enumerated by Bum- 
ham in 1882/ and three have since been added by Hough 
and Innes.' They perhaps exist more numerously than we 
have as yet any idea o£ 

A "" double-treble '* star, so-called by Herschel, has been 
the subject of numerous successive discoveries. With the 
slightest optical assistance <r Orionis, a star of 3'7 magnitude, 
just beneath the middle star in the belt of Orion, separates 
into two wide and unequal components, each of which was, 
October 7, 1779, perceived by Herschel to be triple.' As 
usual in such cases the process of resolution was oontinued, 
and the assemblage was described by Barlow as "double- 
quadruple, with two very fine stars between the sets."^ 
These last, however, are not unlikely to be mere optical 
associate& To this intricate group Bumham added a further 
element of complexity. At Lick, in the autumn of 1888, he 
found its chief member to be formed of a fourth and a sixth 
magnitude star, a quarter of a second apart, and yielding, after 
ten years, signs of mutual dreulation.^ The disclosure, like 
some others, raised a question as to the point where stellar 
subdivision can really be said to cease. That it is not where 
visual limitations interfere with our recognition of it was 
emphatically reasserted in 1904 by Professors Frost and 
Adams's spectroscopic discovery that the primary of Bumham's 
pair is intimately, though invisibly coupled with an obscure, 
massive body. 

The essential character of <r Orionis is that of being made up 
of two distinct, yet evidently connected knots of stars, and the 
same knot (S 762) ^ contains all the four brightest componenta 
These differ, and perhaps vary in colour, and their influence 
may be assumed to predominate in this remarkable system. 

* OhiervcUory, vol. iv. p. 176. 

> Asir. Nadh, No. 2778 ; MiynMy Notices, yoL IviL p. 456. 

» FhiL Trans, vol. Ixxii. p. 124. 

« Smyth, OyeUqfCel OljeeU, ed. 1881, p. 156. 

• Attr. Nath. No. 2875 ; Gen. Cat, p. 68. 

* StruTa, Mens, Microm. pp. 149, 245. 
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The multiple star 45 Leporis is organised on a plan leas 
definite than that governing the strocture of <r Orionis. Just 
visible to the naked eye, it consiBts of four principal and five 
subordinate members, suocessivelj discovered by Sir John 
Herachel and Bumham.^ One of the stars, of eighth magni- 
tude, stands out through its ruddy colour from its white 
companions.^ The entire group of nine objects covers an 
extent of 125". 

The nebular relations of double and multiple stats were 
noticed with surprise by Sir John Herschel at the outset of his 
career.' Although admitting without hesitation their physical 
character, he was without the means of establishing it since 
made available, and could support his conviction only by the 
utter improbability of such collocations as he pointed out being 
fortuitous. Thus, a dose, minute stellar couple is planted at 
the exact centre of a fiednt round nebula in Leo (New Gen. 
Cat, 3230); and the same kind of coincidence recurs twice 
in the southern constellation Dorado (N.O.C. 1732, 1951). 
Two pairs in Sagittarius, each set in the midst of a nebula 
(N.O.O. 6589, 6590) may from their contiguity be sus- 
pected to constitute one system; and two ninth-magnitude 
stars at 15", marking very nearly the foci of an elliptical 
nebula in the same region (N.O.C. 6595), are certainly not 
accidentally projected upon it. ''One of the most curious 
objects in the heavens " (according to Sir John Herschel),^ is a 
trio of stars arranged in a minute equilateral triangle, relieved 
upon a shield of milky light (N.O.C. 1931); and its 
singularity was enhanced by the duplication, under Bumham's 
gaze in 1891, of one member of the combination.^ By the 
same observer, again, an eighth-magnitude star right at the 
heart of a round nebula in Monoceros (N.O.C. 2182) was 
divided, also in 1891, into a delicate pair,^ the remeasurement 
of which after twelve years, by Professor Aitken, gave evidence 
of slow circulation. Of circulation, we remember with surprise, 
conducted in a nebulous medium, and therefore presumably 

1 Barnham, Mtmoirs JS. Attr, Soe, toL xUt. p^ 288 ; ^ifr. Nwik. Ko. 2M2 ; 
Ob$trvtUory, toL ir. p. 177 ; 0^ CaL p. 08. 

* G. Knott, Ohurvatory, roL !▼. pp. 184, 212. 

* Mmunrs It, AMtr, Soc toI. tl p. 78. * Ihid. toL iiL p. 54. 

* 0<efi. OiU. p. 66. • IHtL p. 76. 
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impeded. But if so, the system could not be a permanent 
one, and a temporary star should result from its collapse. 
The difficulty is intenmfied by the consideration of many 
other still more noteworthy instances of the association of 
composite stars with nebulae. The whole framework of the 
great nebulous structure in the sword of Orion seems to rest 
upon the steUar group designated d, or rather 0^ Ononis ; for 
there is a second 6 not tan off, itself a wide double star ; and 
the two together form, to the eye, one diffuse object, singly 
catalogued by Ptolemy, Tycho Brahe, and Hevelius. But it is 
with ff^ exclusiYely that we are at present concerned. 

On the very slightest telescopic persuasion, it allows itself 
to be seen as quadrupla The four stars into which it divides 
are severally of fifth, sixth, seventh, and eighth magnitudes, 
the greatest interval between any two of them not exceeding 
21". None of them is in visible subordination to any other; 
they stand, it might be said, on an equal footing, at the four 
comers of a rudely quadrilateral figure, or " trapezium." They 
maintain their places, too, both absolute and relative, with 
singular rigidity. After two and a half centuries of observa- 
tion, no shifting of them can be detected. They are hence 
likely to be at a prodigious distance from the earth. 

The rule that such groups seem more crowded as they are 
better seen, has not been infringed here. A fifth star of the 
eleventh magnitude was added to the company by Struve, 
November 11, 1826, and a sixth, still fEonter, by Sir John 
Herschel, February 13, 1830. Both of these, though closely 
adjacent, each to one of the larger stars, share their apparent 
immobility.^ Variability in light has often been ascribed, and 
as often denied to them. Bumham's experience is against -it ; 
yet the curious fieu^t that Bobert Hooke saw the fifth star in 
1664 with a non-achromatic three and a half inch telescope,' 
is strongly indicative of temporary brightening; and M. 
Comas SoUt was convinced that the sixtii star was shining 
with unusual lustre when he observed it, after an interval of 
some months, on November 10, 1901.^ Individual and 

^ Bornhun'B measures seem deeisire on this point. See Memoirs B. Attr 
Soe. Tols. zliT. pp. 208, 287 ; xlvii. p. 244 ; Monthly IfOieei, rol. xliz. p. 257 
Publ. Uek OhuTvaJUyry, toL ii. p. 46. 

* Micragraphia, p. 242. * Astr. Nath. No. 8751. 
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atmospheric conditions axe, however, largely concerned in such 
persuasions ; when they conspire favourably, it is weU ascer- 
tained that all six of the trapezium-stars can be made out 
with achromatics or reflectors three to four inches in aperture.^ 
Hooke's observation can scarcely then be said to demonstrate 
change. 

Further members of this group have, at various times, 
been half-seen, half- surmised ; but their existence, always 
problematical, has been disproved through the application of 
the lick thirty-six inch; for the three new stars perceived 
firom Mount Hamilton by Alvan G. Clark and Barnard dould 
certainly not have been detected with any less powerful 
instrument. Two of them lie within the trapezium; the 
third, a double star of extraordinary minuteness and difficulty, 
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Fig. 27.— Stan of the Ttapesimn. 

just outside it.' Their positions are shown on the accom- 
panying diagram (Fig. 27) where G and H represent two of 
the recently discovered stars, the third, as an imperfectly 
determined object, being provisionally marked with a cro6& 

The tajct that the leading star in the trapezium has 
proved to be a spectroscopic binary is not the less astonishing 
because of its congruity with much that had previously been 
learned. Sir William and Lady Huggins recorded in 1897 ' 
the first signs of its duplicity ; they were assured and defined 
by the Terkes measures in 1904.* Its nature is moreover 
shared, and attested through a far larger variation of radial 

1 Webb, Gel. OV&ets, p. 867. 

^ Barnham, Monthly Notices, voL zliz. p. 852 ; A$ir. Naeh, No. 2980. 

• Astroph. JaurtL voL vi p. 822. 

^ FhMt and Adams, ibid, yoL xiz. p* 158. 
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speedy by 9^ Ononis, which crosses the meridian six seconds 
later than the septuple object to the west Half a degree to 
the south lies » Orionis, a triple star immersed in an outlying 
shred of the Sword-handle formation. Here again visual has 
been followed up by spectroscopic resolution. The diffuse 
dark lines in the prismatic light of i Orionis oscillate to an 
extent indicating to and fro velocities of 60 kilometres (37^ 
miles) a second. And by similar tokens, the nebulous stars S 
Monocerotis, 67 Oygni, and <r Scorpii are known to be swiftly 
circulating couple& The investigation of systems so singularly 
circumstanced will doubtless serve to elucidate the relations of 
the glimmering fields of space to masses of matter traversing 
them. Should they appear to slip through unopposed, our 
ideas as to the essential properties of material substance will 
have to be considerably modified. 

In one other great nebula besides the Orion structure a 
multiple star seems dominant. The nuclear group in the 
trifid nebula (N.G.C. 6514) consists of a close quartette 
covering an angular extent of only 19^ with two extremely 
faint additional stars discovered by Professors Langley and 
Holden. Complete apparent fixity characterises the arrange- 
ment. 

The frequent association of compound stars with nebulss 
is no mere isolated fact. For they pass by insensible degrees 
into star-clusters, the nebulous affinities of which have been, 
in many cases, established with the aid of photography. The 
conjecture is even plausible that the formation of a multiple 
star in a great nebula represents the initial stage of the 
development from it of a crowded dustre, minor nebulaB giving 
rise to lesser groups ; and if objects of the kind have not yet, 
so to speak, been turned out of the worksh6p, it is no wonder 
that fragments of their raw material still cling round them. 
Compositeness of structure may thus measure primitiveness of 
condition, illustrating, though to us dimly, the sequence of 
Divinely decreed changes by which cosmical order is gradually 
more and more fully disengaging itself from the " loud mis- 
rule '* of chaoa 
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CHAPTER XVI 

TBI SVOLUnON OF MTJLTIPLB STABS 

Stabs joined together in sjstems peremptorily assert a common 
origin. Their companionship is not due to chance. Bodies 
moving independently in space may circuit one another in 
a hyperbolic orbit ; but the event should be unique. They 
can never meet again. Permanent capture is practically out 
of the question. The intervention of a third body would be 
required to bring it about, and the third body should be 
critically situated, and of enormous mass to produce the 
necessary amount of retardation. The possibility of a casual 
approach having led to an indissoluble union is indeed too 
remote to be worth counting. Multiple stars, we may rest 
assured, were such potentially from the first 

Yet the manner of their origin remained long an im- 
penetrable mystery. Clearly, it belonged to the regular order 
of sidereal arrangements; and quite as clearly, it differed 
toto eoelo from the series of operations by which the planetary 
system had come into existence. Nor could any reason for 
the divergence be assigned until Dr. See published, in 1893, 
his researches on the part played by tidal friction in moulding 
the relations of double stars. Based on Ptofeasor Darwin's 
memorable inquiries into the antique history of the earth and 
moon, they followed a line essentially original No attempt 
had previously been made to trace the consequences in stellar 
systems of a mode of action known to have been powerfully 
effective within the narrow precincts of the lunar sphere. 
Yet, since it gains efficacy as the ratio between the masses 
submitted to it approximates to equality, it should reach a 
maximum of influence in modifying the relations of co- 
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ordinate bodies such as doable stars. Tidal friction is, in 
Dr. See's words, " a necessary adjunct of gravitation wherever 
systems of fluid bodies exist in a state of relative motion; 
it is a physical agency as universal as gravitation itself, 
(grating more or less powerfully in all the systems of the 
universe." ^ 

The key to the enigma of double-star development was 
given by the high eccentricities of their orbits. Two bodies 
revolving very close together are not only pushed asunder by 
tidal reaction, but are forced to retreat along tracks that 
become elongated as they widen. The process is terminable 
after an indefinite lapse of time; and is even theoretically 
reversible, though to an almost evanescent degree. What we 
just now have to do with, however, are the direct work- 
ings of a cause, satisfactorily shown to be adequate to the 
effects assigned to it. If this be so, telescopic star-pairs set 
forth on their careers as spectroscopic binaries ; while spectro- 
scopic binaries must, through the influence of tidal friction in 
widening their paths, be steadily growing into visual couples. 
One class is complementary to the other, and Dr. See's 
hypothesis obtains fresh confirmation from each additional 
discovery of a star with variable radial motion. 

Moreover, these excessively close systems are strongly 
marked by signs of progressive change. Some appear to be 
still inchoate. The eventual stars are intimated by certain 
phenomena of their light-changes to be perhaps as yet 
undivided. Connected, it is thought, by a surviving ligament, 
they revolve as a dumb-bell might, pivoted on its neck, and 
aptly illustrate the "apioidal" forms dealt with in the 
formulae of Poincar^ and Darwin. From the rupture of a 
spinning "dumb-bell," then, to stately binaries in secular 
revolution, a virtually unbroken series of instances can be 
traced ; and that the advance is really a development, is a 
fairly irresistible conclusion. A set of specimens presenting 
gradual modifications of a given type proclaims of itself a 
transforming agency ; and double stars exhibit, not only all 
the linked instances that could be expected, but the requisite 
agency for producing them ready at hand in the grinding and 
modelling power of tidal friction. 

^ Attr, and AMtropkytieSt yoL xiL p. 290. 
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The theory of double-star evolution through its excep- 
tional efficacy in embrjonic stellar STstems is thus^ at first 
sight, strongly recommended. It must be true to some 
extent. But it has limitations and qualifications which 
should not be overlooked. The dynamical and physical 
histories of double stars are intimately connected. Their 
relative masses and densities, their spectral congruities or 
divergencies, their colour and brightness, are so many items 
of evidence as to the course of their companionship, and the 
destiny awaiting them. Comparative inquiries are indeed 
especially difficult for objects in many cases barely separable 
in the sky, yet they have been set on foot ; and the few facts 
so &r collected are valuable, both in themselves, and as an 
earnest of a fuller harvest. Meantime, they seem to warrant 
one or two provisional generalisationa The first is, that 
contrasted pairs of yellow and blue tints are formed each of a 
solar and Sirian star, the lesser component showing the more 
primitive spectrum. Since, however, their revolutions are of 
inordinate downess, their mass-relations cannot be apportioned. 
It is only permissible to say that if satellite-stars resemble in 
constitution solitary stars of similar light - quality, their 
brilliancy must exceed the proportion of their masa. Their 
graSdtative disparity should, in this case, largely outmeasure 
their visible inequality. 

An opposite rule seems to apply where the secondary star 
is of a roseate or purplish hue. It is founded, indeed, upon 
only two ascertained instances ; yet they do not appear to be 
exceptional The companion of 70 Ophiuchi, while of less 
than one-fourth the brightness of its primary, quadruples its 
mass. Admitting it to be of the same density, it gives eleven 
times less light per square mile of photospheric surfistce. And 
for the analogous pair, rj Cassiopeise, the ratio is ten to one. 
The lesser luminary shines with one-tenth the areal brilliancy 
of the primary, equal densities being again assumed. Un- 
fortunately, the rays of these heavy satellites have not been 
separately analysed ; so that, in the few cases where spectral 
distinctions are on record, nothing is known as to relative 
mass; and where relative masses have been determined, 
differences in light-quality are undiscriminated. An ex- 
ception is furnished by a Centauri, the components of which 
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are thoroughly indiyidualised. But they show no hetero- 
geneity of colour or spectrum. One is a deeper yellow than 
the other, simply because its absorption is stronger than, 
though similar to that of its comrade. Binaiy systems 
undoubtedly oSer the most promising field for inyestigating 
the stages of stellar development. Their relative antiquity, 
to begin with, can be roughly estimated ; for there is good 
reason to suppose the closest and swiftest pairs to be in 
general the most primitiva Further, the components of 
each are necessarily of the same age. Whatever spectral 
differences they present cannot then be set down to the 
exclusive account of time. They are either aboriginal, or 
have supervened as the result of innate diversities. Thus, 
bodies unequal in mass are unlikely to develop at the same 
rate. The long-accepted opinion was that it should be slow 
in proportion to the quantity of matter contained in each 
globa Sir William and Lady Huggins, however, suggested 
in 1897 doubts on this point.^ They indicated the probability 
that a high gravitational constant might hasten the transition 
from a Sirian to a solar spectrum; and the phenomena of 
double stars seem expressly adapted to serve as a criterion 
whether this is so or not. A decisive conclusion could be drawn 
from a comparison of the masses of such a chromatic pair as 
€ Bootis ; but the possibility of instituting it is in the dim future. 
Something, on the other hand, may be learned from the great 
spectroscopic binary Capella concerning the influence of massive- 
ness upon spectral history. If the plane of its revolutions passes 
through the earth, the attractive power residing in the system 
is more than twice that of the sun ; and this minimum esti- 
mate should be increased eight -fold to correspond with an 
orbital inclination of 60"" to the line of sight Now the star 
is enormously brilliant. It has a measured parallax, and at 
its distance, our sun would appear 102 times fainter. Assuming 
the components of the binary to be equal globes, of solar 
density and intrinsic lustre, each should possess the mass of 
363 suns. Their mutual attraction, in other words, should 
exceed 726 times the gravitational pull exerted on the planets. 
Neverthelesd, the highest value that can plausibly be assigned 
to their joint mass is twenty times that of the sun. The 
^ Astrcph, Joum, toL tL p. 826. 
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tremendous discrepancy thus made apparent obliges us to 
suppose that Capella, while spectroscopicallj almost a replica 
of the sun, is an orb far less condensed and more luminous. 
It then evidently became invested at a much earlier stage 
of cooling, with a reversing layer similarly composed to that 
producing the Fraunhofer lines. Further experience must 
decide whether giant suns of this type are invariably more 
tenuous than their light would lead us to expect, or whether 
Capella is in this respect peculiar. Its example serves at 
least to give an idea of the modes of evolutionary inquiry 
rendered feasible by the study of binary systems. 

Inequality between mass and light is pushed to the last 
extreme in the obscure, though strongly attractive attendants 
of many lustrously white stars. A large number of such 
incongruous couples have been discovered spectrographically, 
and the enigma they present finds no ready solution. Clearly, 
disparate loss of energy by radiation will not reasonably ex- 
plain the contrast of their present stata Bather, some 
profound diversity of constitution must be supposed to have 
brought it about. The brilliancy of stells^ photospheres 
essentially depends upon the activity of interior circulatory 
processes. These are perhaps, in abnormally dark globes, pre- 
maturely retarded or arrested. But the how ? and why ? evade 
divinatory efforts. 

From dwelling on the origin of binary stars, our thoughts 
insensibly range beyond them to larger combinations. Be- 
volving couples very often form only part of an extended 
system. Is it conceivable that such varied aggregations were 
fashioned throughout by the same kind of influence ? Was 
tidal friction the factotum in all their developmental changes ? 
To affirm it would be perilous. There is no warrant for 
ascribing an iron consistency to creative methods. In the 
planetary system, at any rate, they seem to have been con- 
siderably varied. Professor Darwin has virtually demonstrated 
that lunar-terrestrial relations lay apart. No other member 
of the solar family could have originated by fission, as the 
moon presumably did, or raised a tidal wave of overruling 
magnitude on the still plastic surface of its primary. Hence, 
uniformity in the processes of cosmogony need not be taken 
for granted. We may, for example, reasonably admit that the 
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close pair in ^ Ursse Majoris divided at close quarters similarly 
to the earth and moon, without extending the inference to the 
telescopic companion of the same star ; still less to Alcor, its 
distant fellow-passenger through space. Each case should be 
considered on its merits, without prepossession in favour of 
harmonising the resulta Indeed, the long series of operations 
traced out by Dr. See is scarcely capable of being duplicated. 
Through over-rapid spinning, a fluid globe may split asunder 
once ; but a repetition of the event is virtually precluded by 
the very consequences of the first disruption. For the new- 
bom satellite exerts, by the drag of the tidal wave it raises 
on its primary, a powerful retardative influence on its rotation ; 
the speed of which is most unlikely to reach a second time the 
pitch needed for instability ; and the satellite itself is under 
the same prohibition. Multiple stars, then, cannot, so far as 
we are able to judge, have been formed by ^successive sub- 
divisions of one parent mass. In stellar systems, as in the 
solar system, many degrees of relationship are distinguishable. 
Groups in loose mutual connection may have originated con- 
temporaneously in different sections of the same nebula. 
Binaries of co-ordinate rank are doubtless frequently included 
in a single complex mechanism. This species of remote kin- 
ship is forcibly suggested by the movements of f Scorpii, one 
of the few triple stars, all the members of which are in visible 
revolution. Yet not in the same sense. The close pair 
circulates directly, the third, more distant companion (as 
already stated), in a retrograde direction. The wide 
divergence thus probably indicated of the two orbital planes 
betokens unmistakably a remarkable dissimilarity in the 
conditions under which the near and the remote satellites 
respectively took their origin. A more intimate acquaintance 
with such systems will perhaps show the case of { Scorpii to 
be typical; it is assuredly most significant Again, the 
six stars forming the Orion trapezium are, beyond cavil, a 
physical group, in immediate genetic connection ; yet it would 
be extravagant to suppose one the parent of the others. Only 
the dark body circulating contiguously to the brightest of the 
sextett can be regarded as its proper offspring ; the rest claim 
an independent footing. We can conceive them as having 
condensed from distinct knots in one vast nebulous structure 
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impressed with a slowly wheeling moyement. We cannot 
conceive them as thrown off one after another bj one swiftly 
rotating globe. The same might be said of the quadruple 
ByBtem e Lyrse, and of many more. 

The more attentively cosmic processes are studied, the 
more various they appear. Thus, comets can be clearly seen 
to have originated differently from planets, and some planets 
differently from others; while our own satellite struck out 
a line for itself. The large consonances of the solar system 
subsist amid diversity of detail, attesting strong individualities 
of hiBtory and statua And such diversity has its fullest scope 
among the stars. It is much if we can catch glimpses of 
partial truth in meditating on their evolutional order; the 
profundities of its meaning, and the intricacies of its roots in 
the past, and ramifications into the future baffle our scruti- 
nising efforts. 
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CHAPTEE XVII 

THE PLXIADSS 

Fboh multiple stars the transition is easy to star- clusters. 
These seem to embody completely the idea contained in germ 
in the former class of objects. They are collections, often on 
the grandest scale, of sunlike bodies small and large, united 
in origin and history, acted upon by identical forces, tending 
towards closely related end& The manner and measure of 
their aggregation, however, vary widely, and with them the 
cogency of the evidence as to their organic onenesa There 
are innumerable cases in which it absolutely excludes doubt ; 
there are some in which it is rather persuasive than con- 
vincing. It is not then always easy to distinguish between 
a casual ''sprinkle" of stars and a genuine cluster. Nor can 
the movement -test, by which so many physical have been 
discriminated from optical double -stars, be here applied. 
Internal displacements of a circulatory character have not 
yet become apparent in any cluster, and there is only one 
with an ascertained common proper motion. 

This is the immemorial group of the Pleiades, famous in 
legend, and instructive, above all others, to exact inquirers — 
the meeting- place in the skies of mythology and science. 
The vivid and picturesque aspect of these stars riveted, from 
the earliest ages, the attention of mankind; a peculiar 
sacredness attached to them, and their concern with human 
destinies was believed to be intimate and direct. Out of 
the dim reveries about them of untutored races, issued their 
association with the seven beneficent sky-spirits of the Vedas 
and the Zendavesta,^ and the location among them of the 
^ Bnnsen, Die PUiaden und der Thierkreia ^. 484. 
215 



Digitized by CjOOQIC 



216 THE SYSTEM OF THE STAES 

centre of the universe and the abode of the Deitj, of which 
the tradition is still preserved hj the Berbers and Dyaks.^ 
With November, the " Pleiad-month," many primitive people 
began their year ; ^ on the day of the midnight-culmination 
of the Pleiades, 17th November, no petition was presented 
in vain to the ancient kings of Persia ; ' and the same event 
gave the signed at Busiris for the commencement of the feast 
of Isis, and regulated less immediately the celebration con- 
nected with the fifty-two year cycle of the Mexicans. Savage 
Australian tribes to this day dance in honour of the " Seven 
Stars," because "they are very good to the black fellows." 
The Abipones of Paraguay regard them with pride as their 
ancestors.^ Elsewhere, the origin of fire and the knowledge of 
rice-culture are traced to them. They are the " hoeing-stais " 
of South Africa,^ take the place of a farming-calendar to the 
Solomon Islanders, and their last visible rising after sunset 
is, or has been celebrated with rejoicings all over the southern 
hemisphere, as betokening the " waking-up time " to agricultural 
activity. 

To the Greeks of Hesiod's age their " heliacal rising " (the 
first visible before sunrise) announced, each May, the opening 
of the season for navigation; and their name thus came to 
be interpreted (from plein, to sail), the " saiUng-stanu" But 
this etymology was doubtless — ^like the derivation of ''elf" 
and "goblin" from Ghidf and OhibeUine — an afterthought; 
and it may be confidently maintained that the word " Pleiades," 
bearing like its Arabic and Hebrew equivcdents, the essential 
signification of a "cluster," came from the Greek pleiones, 
many, or pleida, full* It was represented in Latin by 
"Vergilise" (from very spring), a designation possibly com- 
memorative of the ancient coincidence of the stars with the 
vernal equinox. They were, moreover, chosen about the same 
epoch — say 2700 b.c. — ^by the Hindus to mark the first lunar 

^ HaUburton, Naiwre^ yoL xxv. pp. 100, 817 ; Van Sandiak, VAstrowmie, 
t iv. p. 867. 

* Halibnrton, Festiwd of the Dead, p. 46. 

• Ibid, p. 18. 

* Lnbbook, Origin of Civiliaatvm, p. 816, 4tb ed. 

^ J. Hammond Tooke, in an interesting paper read in January 1889 before 
the S. AfHcan Philosophical Sooiety. 

• Natwre, vol. zxxy. p. 608. 
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maofiion, called " Krittika," general of the celestial armies ; ^ 
and long occupied the same post in Chaldea under the title 
" Thurayya," the crowd.* 

The similarity of the traditions respecting the swarm of 
celestial *' fireflies/' 

Quie septem did sex tamen eeee aolent, 

is as surprising as their universality. That they " were seven 
who now are six/' is asserted by almost all the nations of the 
earth, from Japan to Nigritia, and variants of the classical 
story of the " lost Pleiad " are still repeated by sable legend- 
mongers in Victoria and Western Australia, by "head-hunters" 
in Borneo, by fetish-worshippers amid the mangrove-swamps of 
the Gk)ld Coast. An impression thus widely diffused must 
either have spread from a common source or originated in an 
obvious fact, and it is at least possible that the veiled face of 
the seventh Atlantid may typify a real loss of light in a pre- 
historically conspicuous star. Some members of the collection 
are at present, there is little doubt, slightly or slowly variable,' 
and progressive tendencies of the kind are in more than one 
case suggested to be present Thus Alcyone, the chief of the 
collection, now of the third magnitude, and just twice as bright 
as the brightest of its companions, was either not one of the 
four Pleiades observed by Ptolemy, or was then much fednter 
than it has been from Tycho Brahe's time to our own. So at 
least Francis Baily concluded from a careful examination of 
the records,^ and he Jmew better than most men how large 
an allowance has to be made for ancient inaccuracy. Al 
Sflfi, too, the competent reviser of Ptolemy's observations, 
expressly states that the Alexandrian quartette appeared to 
him, in the tenth century, the most lustrous among the 
Pleiades.^ Yet none of them can be identified with the 
present Iwida. A literal explanation of the old legend may 

^ B. H. AUen, Star Names and theiT Meanings, p. 892. 

* Weber, Indisehe Studim, Bd. z. p. 215. 

' G. Wolf, Afinaks de rObservatoire de Paris, t. ziy. ii. p. 26 ; Lindemaim, 
Mimoirts de VAead., St P^tenbourg, t. zzzii. vii. S^r. No. 6, p. 29; Yogel, 
Potsdam JReport, 1899. 

^ Memoirs Jl. Astr. Soc yoL ziii. p. 9. 

■ SclgeUernp, Deseription des hoiles, p. 182; FUmmarion, Les AoiUs, 
p. 294. 
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hence be feasible, and Professor Pickering's suggested identi- 
fication of Pleione with the missing Atlantid has much to 
recommend it.^ The display by this star of a gaseous 
spectrum resembling that of P Cygni countenances the view 
that, like P Cygni, it formerly shone with temporary or 
intermittent brilliancy. It is now of 5*4 magnitude, or just 
twice as bright as it was, by Argelander's estimate, fifty 
years aga 

The five stars ordinarily visible besides Alcyone (see 
Plate I. Frontispiece) are Electra and Atlas, each fluctuating 
slightly above and below 3 8 magnitude; Maia, now of the 
fourth, or one magnitude fainter than Alcyone ; Merope and 
Taygeta, the inferiors of Maia by respectively a quarter and 
a half magnitude. Celseno, the seventh or concealed star, 
gives only about one-third the light of Taygeta. 

Yet it can be seen with many others, under favour- 
able circumstances. Maestlin, the tutor of Kepler, perceived 
fourteen, and mapped eleven Pleiades previously to the inven- 
tion of the telescope ; Carrington and Denning counted 
fourteen,' Miss Airy marked the places of twelve with the 
naked eye.' The faintest of these fell but little short of the 
sixth, and there are twenty-three Pleiades down to the seventh 
magnitude,^ each of which (with perhaps one or two exceptions) 
might be separately visible in a transparent sky or from an 
elevated station. But their crowded condition makes this im- 
possible, and gives rise rather to the effect described by 
Kazwini in the thirteenth century, of " six bright stars with 
a nimiber of dusky ones between." ^ 

With the use and increase of telescopic powers, the popu- 
lousness of the cluster has been amazingly increased. An 
object-glass scarcely exceeding two inches diameter showed 
Bobert Hooke in 1664 seventy-eight Pleiades,® and Michell's 
conjecture, in 1767, that there might be more than a thousand 
of them,^ has been superabundantly verified by the results of 
modem laboura Over an area about Alcyone measuring 

1 Attr. Naeh. Ko. 2984. « Webb, (kl. OljwU, p. 893. 

* MinUhXy NoHees, toL zxiiL p. 175. 

* Harvard AnndU, yol. ziv. pt ii p. 898 ; of. Mtiller and Eempf, Aair. 
Nach. No. 8587. ' Ideler, Steryvnaftun, p. 147. 

* Mieroffraphia, p. 241. ^ Phil. Trans, vol. Ivit p. 259. 
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135' X 90' M. Wolf catalogued, at the Paris Observatory in 
1876^ 625 stars to the fourteenth magnitude; on the MM. 
Henry's sensitive plates, in 1885, 1421 made their appearance 
in a smaller space, and the number was brought up to 2326 
by exposures of four hours in November and December 1887. 
llie fEontest objects thus registered were probably of about the 
sixteenth photometric magnitude 

How many of them really belong to the group, and how 
many are referred to it by perspective, can be determined with 
the help of time and patience. As regards some of the better 
known stars, the process of discrimination has already begun. 

BesseFs measurements of the places, relative to Alcyone, 
of 52 Pleiades,^ executed with the Konigsberg heliometer 
during the twelve years from 1829 to 1841, furnished a 
starting-point for investigations of their internal movements. 
The upshot of the first effective comparisons was to exhibit 
these as null. From a coUodion-print of the cluster taken by 
Eutherfurd of New York in 1865, Dr. Gould redetermined 
nearly all Bessel's stars with such accuracy as to make it 
certain that no appreciable interstitial shiftings had occurred 
in the course of a quarter of a century ; ' and his conclusion 
was, through additional photographic comparisons of ten of 
the same stars, extended by Professor Jacoby to the year 
1900." 

Now this seeming rigidity implied a great deal For the 
point of origin of the measures in question is not immovably 
fixed in the sky. The chief Atlantid has a secular proper 
motion (according to Newcomb) of 6^ the possession of which 
in common by the whole stellar band virtually demonstrated 
their efTectual union. Where one among many objects is 
ascertained to be moving, relative fixity can only mean that 
all drift together ; and so the unique phenomenon was brought 
to light of the transport in block across the sphere of some 
scores or hundreds of congregated suna Even if the whole of 
this apparent displacement should prove to be as it were 
reflected from the solar advance, its significance of physical 
kinship among the objects affected by it would be nowise 
impaired. For an identical parallactic shift would equally 

^ Aatr. Naeh. No. 480. * Olmrvatary, toL ii p. 16. 

' Aiiroph, Jaum, roL idlL p. 56. 
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saffice to locate them in the same r^on of space under the 
immediate influence of their constraining mutual gravity. 

The establishment of a general unanimity of moyement 
among the Pleiades was the first step towards investigating 
their relations; the next was to seek evidence of systematic 
changa This has still to be found; its highly recondite 
nature has been rendered immistakable by the labours of 
Wolf,^ Pritchard,' and Elkin.' Displacements within the 
cluster, though necessarily in progress, are barely nascent. 
Something, however, has been done towards its uialysis, as 
the result of Dr. EUdn's work at Yale College in 1884-85. 

Leaving nothing to be desired in the way of skill and care, 
it was the more strictly comparable with Bessel's from having 
been executed, like his, with a heliometer, one of about seven 
inches aperture, completed in 1882 by the Messrs. Bepeold 
of Hamburg. Sixty-nine stars, down to 9*2 magnitude, were 
included in the survey, only one of Bessel's being omitted, 
while seventeen were added from the Bonn Durchmustemng. 
The close agreement, on the whole, between the places deter- 
mined, after an interval of forty- five years, at Eonigsbetg 
and Ycde, lent importance to some minute discrepancies, 
the most considerable of which intimated the probability that 
six of the objects on Bessel's list were only apparent members 
of the duster.* They should probably be r^arded as pseudo- 
Pleiades, intruders into a company from which they will 
eventually be expelled through the cumulative effects of in- 
compatible movements. Exempt from the influence of the 
current bearing Alcyone and its true associates slowly towards 
the south-south-east, they remain almost absolutely stationary, 
and are accordingly in course of being left behind. Becent 
counts by Pickering* and Stratonoff* make it fairly certain 
that the majority of the small stars within the area of the 
Pleiades will be left behind with them. The ground for this 

^ AwuUet de VOhservatoire, t. zir. iL ; Oomptes Mendua, t. IzxzL p. 6. 

* MofUhly Notices, vol. zliy. p. 357. 

* Trans. Yale CoUegs Observatory, yoL L pt. L 1887. Pt yiii. contains 
results of a second triangnlation by M. F. Smith in 1900-2. 

^ Dr. Elkin expressed this view with considerable reserve as regards four of 
the six stars. Of. his revised condnsions, Tram. Yale Colh Observatory, voL L 
pt vii. p. 866, 1904. 

* ffarvard Circular, No. 17. • Astr. Nach, No. 8441. 
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inference is that thej are less densely strewn than the multi- 
tudinous stars in the adjacent sky. The true glomerabile 
sidtu is then formed of brighter objects, the number of which, 
though still imknown, can be ascertained after a moderate 
lapse of time by renewed photographic comparisons. 

The proper motion of Alcyone reverses, with approximate 
accuracy, the direction of the siqi's progress through spaoa 
It may hence be regarded as parallactic, that is, transferred 
by perspective from our own. If this be so, the distance 
between Alcyone and the earth can be calculated, given the 
direction and velocity of the sun's translation. Now we know 
that the sun is travelling towards a point in the constellation 
Lyra at the rate of about twelve miles a second. On this 
showing, the Pleiades are so remote that their light takes 190 
years to reach us (parallax sQ^^'0 17). Nor is the estimate 
likely to be materially diminished. 

Our own sun, thus tax away, would shrink to a star 
of 8*6 magnitude. There can be little doubt, in fact, that it 
is surpassed in brilliancy by fifty to sixty of the Pleiades. 
And it must be, in some cases, very greatly surpassed; by 
Alcyone 170, by Electra 83, by Maia about 70 times. Sirius 
itself takes a subordinate rank when compared with the five 
most brilliant members of a group, the real magnificence of 
which we can thus in some degiee apprehend. 

The scale of its construction is no less imposing. No 
judgment can of course be formed as to the interval of space 
separating any two of the stars belonging to it. All of them 
are seen projected indiscriminately upon the same plane, 
without regard to the directions in which they lie one from 
the other. The line joining Maia, for instance, with Alcyone, 
may be foreshortened to any extent, or not at alL No 
criterion is at hand which we can apply. Of the dimensions, 
however, of the cluster as a whole, some notion can be 
gathered. For its shape — irrespectively of some outlying 
streams of small stars — ^may be taken to be rudely globular ; 
and since a circle described from Alcyone as a centre with a 
radius of 48^ includes all the principal stars, sixty of EUdn's 
sixty-nine, fifty-two of Bessel's fifty-three fiEtlling within it, 
the apparent diameter of the denser part of the aggregation 
cannot differ much from 96^ But the proportion of the 
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radius to the distance of a globe is known &om elementary 
trigonometry, and here comes out (in round numbers) as one 
to seventy-one ; so that the bodies situated close to its surface 
are seventy-one times nearer to their central luminary than 
their central luminary is to us. If they revolve round it, it 
is at an intervcd exceeding fifteen billion miles, costing light 
not tax from three years to cross; and the period of their 
circulation may well be reckoned by millions of years. Upon 
these dependent orbs, Alcyone shines with sixty times the 
lustre of Sirius in terrestrial skies ; yet the presence of 130,000 
Alcyones would only just compensate for the withdrawal of 
even such a diminished sun as brightens the firmament of 
Keptune. From stars more centrally placed, the chief of the 
cluster doubtless appears a veritable sun, although it may not 
be to all the primary b'ght-giver. An assemblage like the 
Pleiades distributed round our sun would extend compaciltf 
three-quarters of the way to a Centauri, its feelers and 
appendages indefinitely feurther. Hence there would be ample 
room in it for secondary systems and particular associations of 
luminous bodies. And, in point of £Etct, the actual cluster 
contains severed of Bumham's close double stars, one certainly,^ 
all presumably in mutual revolution, to say nothing of the 
doubtful companion of Atlas which, distinctly visible only 
once to Struve in 1827> gave nevertheless some sign of its 
presence during an occultation by the moon, January 6, 
1876.« 

The discovery of Maia as a spectroscopic binary suggests 
an indefinite range of hidden complexities in the mechanism 
of the cluster. It ensued in the course of a research on the 
radial velocities of the six leading Pleiades, carried out by 
Mr. Walter Adams with the Bruce spectrograph of the Yerkes 
Observatory in 1903-4.' The diffuseness of the spectrcd lines 
in these stars impaired the precision of most of the determina- 
tions; but Maia offered more facilities than its companions; 
and the variation of its speed to the extent of about eighteen 
mUes a second seems indisputable. The period of its re- 
volutions has still to be assigned. The other five stars all 
proved to be receding from the sun at rates corresponding 

1 Attr. Nock, No. 8047. « /Wa. No. 2074. 

' AtU-oph, Jaunu yoL ziz. p. 838. 
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fiebirly well with the sun's celerity of withdrawcd from them. 
That is to say, no evidence of individual motion (unless 
possibly in the case of Taygeta) was elicited from them. 
Spectroscopic measures are then no more immediately hopeful 
than micrometrical measures^ for obtaining a clue to the 
dynamical condition of this marvellous star-group. 

A spectrum of helium type characterises its genuine 
members. A simultaneous spectrographic impression obtained 
by Professor Pickering from dose upon forty of these stars, 
January 26, 1886, demonstrated the nearly identical quality of 
their light, and furrdshed " strong confirmation of their common 
origin." * Only in two cases, a stronger " K line " recorded 
itself than such light ordinarily includes, and the divergence 
was, in one of the two, both accentuated and eicplained by 
diversity of motion. The star in question (s Pleiadum) has 
been already signalised as an incipient fugitive from the group 
to which it never truly appertaiued. 

The stars of the Pleiades, while shining with so poignant 
a lustre as to make the sky-ground they are relieved upon 
show to the eye as blacker than elsewhere, are in reality 
wrapped and entcmgled in an immense cosmical cloud. Some 
indications to this effect caught by optical means have been 
autographically amplified to so surprising an extent that the 
discovery of the nebulous condition of the Pleiades ranks among 
the most important achievements of celestial photography. 

The " Merope nebula " was compared by M. Tempel to a 
stain of breath upon a mirror. Discovered by him at Venice, 
October 19, 1859, it envelops and stretches back in cometary 
shape from the star to which it is attached, covering a space 
of about 35- by 20^^ But this large size only makes its 
perception more difficult, by impairing the effect of contrast 
with the surrounding sky. High magnifying powers (which 
imply narrow fields of view), render it on this account com- 
pletely invisible, and a haze so slight as to permit the observa- 
tion of stars of thirteenth or fourteenth magnitude suffices 

^ Elkin, Trans. Yale College Observatory^ vol. i. p. 101. 

* Memoirs Amer. Aead, toL xi. p. 215 ; ffaroard Annals, vol. zxyL pt. ii. 
p. 262, where the apeotrs of ninety-one members of the group are speoifically 
recorded. 

* Astr. Naeh. No. 1290 ; Monthly Notices, toI. zl. p. 622. 
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to obliterate it. This evaaiyeness suggested variabilitj ; but 
Tempel's contrary opinion has been fully justified 

The idea was entertained both by Goldschmidt^ and 
Wolf, that the filmy yeil flung round Merope was but a frag- 
ment of a larger whole ; and as time went on, glimpses were 
snatched of misty shreds and patches in connection with other 
members of the group. Alcyone appeared to Searle at Harvard 
College, November 21, 1875, surrounded by whitish light;* 
the effusion about Merope, evidently to Schiaparelli in 1875,' 
and to Maxwell Hall in 1880, reached Electra and even 
Celseno;^ while a remarkable view afforded to the late Dr. 
Common by his three-foot reflector, February 3, 1880,* of 
three feebly luminous blotches between Merope and Alcyone, 
prompted his comment that " there is a great deal yet to be 
settled as to the extent and number of the nebulsB in this 
cluster." 

Its import, however, became apparent only when 
photography was brought to bear upon the subject. The 
first nebula discovered by the new method was a small spiral 
appendage to the star Maia, which printed itself on plates 
exposed by the MM. Henry, each during three hours, in 
December 1885.* Only the accumulating faculty of the 
''chemical retina" could have revealed the presence of an 
object so excessively faint in a telescopic sense ; but what is 
known to exist is, by that alone, rendered more than half 
visible, and the Maia nebula was accordingly discerned, 
February 5, 1886, with the Pulkowa thirty-inch refractor, 
then newly erected, and later with smaller instruments.^ 

Besides the Maia vortex, the Paris photographs depicted 
a series of nebulous bars on either side of Merope, and a 
curious streak extending like a finger-post from Electra towards 
Alcyone. But all these were mere samples of what lay 
behind. Impressions of the Pleiades secured by Dr. Boberts 
with his twenty-inch reflector in October and December, 1886, 
showed the whole western side of the group to be involved in 

^ Les Mondes, t. iii. p. 529. * Sdrvard AnncUSt vol. ziiL p. 74. 

» Astr. N^ack. No. 2045. 

* Monthly Notices, vol. zli. p. 815. " Ibid, yoL xL p. 876. 

* Similarly recorded a month earlier at Harvard CoUege, it was taken for a 
flaw in the negative. 

T Astr. Nach, Nob. 2719, 2726. 2780. 
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one vast nebulous formation.^ '' Streamers and fleecy masses " 
of cosmioal fog seem, in these astonishing pictures, aknost to 
fill the spaces between the stars, as clouds choke a mountain 
valley. The chief points of its concentration are Alcyone, 
Merope, and Maia ; but it includes as well CelsBno and Tay- 
geta, and is traceable southward from Asterope over an arc of 
l'^ 10^ These photographs, in fine, as Mr. Wesley wrote, 
** not only prove beyond a doubt the existence of the much* 
disputed Merope nebula, but they also combine and harmonise 
in a very satisfactory manner the apparently irreconcilable 
drawings." * 

The matter was not allowed to rest here. Early in 
1888 the MM. Henry succeeded in giving to several plates 
exposures of four hours, with results identical in each case, and 
very curious. Their nature can be estimated from our frontis- 
piece, which reproduces the final chart of the Pleiades prepared 
by the MM. Henry. The greater part of the constellation 
is shown in it as veiled in nebulous matter of most unequal 
density. In some places it lies in heavy folds and wreaths, 
in others it barely qualifies the darkness of the sky. The 
details of its distribution come out with remarkable clearness, 
and are evidently to a large extent prescribed by the relative 
situation of the stars. Their lines of junction are frequently 
marked by nebulous rays, establishing perhaps between them 
relations of an unknown nature ; and masses of nebula, in 
numerous instances, seem as if pulled out of shape and 
drawn into festoons by the attractions of neighbouring stars. 
But the strangest exemplification of this filamentous tendency 
is in a fine, thread-like process, 3" or ^" wide, but 35' to 40' 
long, issuing in an easterly direction from the edge of the 
nebula about Maia, and stringing together ** like beads on a 
TOBSTjr ' seven stars met in its advance. Two similar rectilinear 
nebulae run parallel to the first, and a fourth was photographed 
by M. Stratonoff in 1896.* 

Whether these luminous highways are due to material 
condensations, or merely indicate tracks of electrical excite- 

1 MonMy Notices, yoL zlyii. p. 24. 

* Joum, Liv. Attr, Soe, yoL y. p. 150. 

* Mouchex, Comptes Mendus, t. oyI. p. 912 ; H. G. Wilaon, Astr. and Aski>' 
phy$ic$, YoL xiiL p. 192. 

« A9tT. Ndeh. No. 3866. 
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ment, they are equally oommunicatiye upon one point. The 
connection by their means of stars into rows virtually de- 
monstrates their real alignment, and thus considerably 
strengthens the presumption that the linear arrangement 
prevalent in clusters is no optical illusion, but depends upon 
intrinsic conditions, the outcome of universal law& 

The wonder of this aggregation of stars and nebula has 
been enhanced by Professor Barnard's discoveries. In 1890/ 
he detected visually a bright round object, like a comet with- 
out appendages, in such close proximity to Merope as to form 
with it probably a nondescript binary combination. Then, 
three years later,^ two exposures with the WiUard lens brought 
into view a set of curving streaks issuing from the cluster 
as a whole, and enfolding it exteriorly in far-reaching dim 
nebulosity. Its genetic history can hence be judged to be 
still at an early stage ; yet the unity marking it is already 
singularly diversified. Many orders of stars are there gathered 
together into what might be called a miniature sidereal system, 
the largest of such " surpassing glory " as to dim by comparison 
the splendour of Sirius and Vega. The " act of order " in this 
" peopled kingdom " is not easy to divine ; we can only see 
that the mutual relations of its denizens must be highly 
intricate. Within the wide framework of the association 
room is found for subordinate groupings of various characters 
and degrees of closeness, from stars far apart, but drifting 
in compemy, to pairs as unmistakably united by contiguity as 
two nuts within the same shell Thus, the polity governing 
the entire system of the Pleiades would seem to be of the 
federative kind. Nor can we be yet sure that its bonds, 
while evidently so loose as to give unshackled play to local 
liberties, are nevertheless sufficiently strong to restrain the 
slow workings of disruptive tendencie& 

1 AUr, Naeh. No. 8018. * IhicL No. 3268. 
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CHAPTER XVni 

STAB CLUSTERS 

About five hundred clusters are at present tolerably well 
known to astronomers, and a large number besides, their 
character rendered ambiguous bj distance, are probably in- 
cluded among both " resolvable '' and '^ unresolved " nebulse. 
Such aggregations may be broadly divided into " irregular " 
and ''globular'' clusters. Although, as might have been 
expected, the line of demarcation between the two classes 
is by no means sharply drawn, each has its own marked 
peculiarities. 

Irregular clusters are framed on no very obvious plan; 
they are not centrally condensed, they are of all shapes, and 
their leading stars rarely occupy critical positions. The stars 
in them are collected together, to a superficial glance, much 
after the fashion of a flock of bird& Alcyone, it is true, 
seems of primary dignity among the Pleiades, and the Pleiades 
may be regarded as typical of irregular clusters; yet the 
dominance, even here, of a central star may be more apparent 
than real 

The arrangement of stars in clusters is, nevertheless, far 
from being unmethodical, even though the method discernible 
in it be not of the sort that might have been anticipated. 
It seems inconsistent with movements in closed curves, 
and suggests rather the description of hyperbolic orbita 
Yet its true nature must obviously be greatly obscured to 
our perception by the annulment, through perspective, of 
the third dimension of space, whereby independent group- 
ings, projected indiscriminately side by side, are rendered 
barely if at all recognisable. That they should, under these 
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circumstances, stand out to any extent is more surprising 
than that they should sometimes be inextricably entangled 
with sprinkled stars belonging to the fore- or background. 
The nebulous linking together of a septuple set in the Pleiades 
assures us, nevertheless, that star-alineations are not illusory. 

Nearly all observers have been impressed with the 
streaming and reticulated character of many stellar assem- 
blages. Thus where the feet of the Twins dip into the Milky 
Way, an object ia encountered so "marvellously striking" 
with a large telescope, that " no one could see it for the first 
time," Mr. Lassell declared, "without an exclamation." A 
field 19' in diameter " is perfectly fall of brilliant stars un- 
usually equal in magnitude and distribution over the whole 
area. Nothing but a sight of the object itself can convey an 
idea of its exquisite beauty." ^ Admiral Smyth described it 
as " a gorgeous field of stars from the ninth to the sixteenth 
magnitudes, but with the centre of the mass less rich than 
the rest. From the small stars being inclined to form curves 
of three or four, and often with a large one at the root of the 
curve, it somewhat reminds one of the bursting of a sky- 
rocket." * A photograph of this cluster • by Professor Barnard, 
reproduced in Plate XI., Fig. 1, leaves very little doubt of its 
intimate galactic affinities. The sinuous lines of stars that 
compose it,^ although more closely entangled than the similar 
catenary arrangements on the less crowded parts of the plate, 
can scarcely be organically distinct from them. 

Yet the radiated aspect of stellar throngs lends them a 
quasi-individuality. The singular looped conformation visible 
in the " gold-dust " cluster in Auriga (M 3 7) attracted the atten- 
tion both of d' Arrest and Lord Bosse;^ about one hundred 
connected stars in Ophiuchus (N.G.C. 6494) "run in lines and 
arches";* a superb assemblage in Cassiopeia (N.G.C. 7789) 
was described by Lord Bosse as formed of jagged branches with 

^ MofUMy NoliesSj yoL xir. j>. 76. 
> CyeU, p. 168 (Chambers's ed.). 

* M 85= N.G.C. 2168. Nebal» and clusters throughout this rolume 
are distinguished by Messier's well-known numbers, when among the 108 
enumerated by him, otherwise by Dreyer's in the New Gen^rtU Catalogue. 

« Secohi, Atti delT Aecad, Pont, t. viL p. 72. 
■ TrcMU. JR. Irish Acad. vol. ii. p. 61. 

• Fhil Tratu. voL czziii. p. 460. 
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PLATE XI. 





Irregular Star Clustere. Photogiaphed by E. E. Barnai-d. 
1. Messier 35 in Gemini. 2. Double Cluster in Perseus. 
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dark holes between, and by Dr. Roberts, from his photographs, 
as exhibiting curved and wreathed patterns in stara^ The 
constituents of a large group near the Poop of Argo (N.G.O. 
2567) struck the elder Herschel by their arrangement "chieflyin 
rows/' illustrative, to his mind, of the mechanical complexities 
of such systems. Each row, he observed, while possessing its 
own centre of attraction, will at the same time attract all the 
others ; nay, " there must be somewhere in all the rows to- 
gether the seat of a preponderating clustering power which 
wiU act upon all the stars in the neighbourhood." ' Specula- 
tions, indeed, upon the dynamical relations of " stars in rows " 
are still premature, nor are they likely, for some time to come, 
to be accounted as " of the order of the day." But the con- 
tinual recurrence in the heavens of this mode of stellar aggre- 
gation cannot fsdl to suggest the development of plans of 
systemic dissolution and recomposition on a grand scale, and 
involving the play of, by us, unimaginable forces. 

The more attentivdy clusters are studied, the more intri- 
cate their construction appeara That which challenged 
Herschel's notice is not singular in intimating a league of 
several co-ordinate groups. There is rarely evidence in the 
conformation of irregular clusters of their being governed 
from a single focus of attraction ; there are frequent indica- 
tions of the simultaneous ascendancy of several A cluster in 
Sagittarius (N.G.C. 6451) is distinctly bifid. It was re- 
marked by Sir John Herschel at Feldhausen as '' divided by a 
broad, vacant, straight band";' and his figure shows the 
separation as absolutely complete, the sections, 

like difb which had been rent asunder, 

facing each other with a chasm between. 

A beautiful cluster in Sobieski's shield (M 11), first noted 
by Kirch in 1681, seems to be extensively dislocated. Sir 
John Herschel succeeded, by the use of high powers, in break- 
ing it up " into five or six distinct groups with rifts or cracks 
between them." * Father Secchi perceived in it a three-lobed 

1 Celestial Photographs, toL i. p. 129. 

' Phil. Trans, vol. civ. p. 269. 

' Cape Observations, p. 116. 

* Phil, Trans. yoL ozxiii. p. 462. 
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central vacuity;^ and M. Fenet, who in 1895 mapped tram 
Dr. Boberts's photographs 395 of its components,' remarked 
their most likelj progressive separation into seven or eight 
distinct allotment& 

Plate XVI. shows M 11 in its Milky Way location as 
photographed by Professor Barnard with the WiUard len& 
In his opinion it is " hardly questionable " that the cluster 
(here necessarily contracted into a simple clump) really acts as 
nucleus to the vast star-clouds ' attached to it like voluminous 
wings. But how strangely related such a nucleus must be to 
such a formation ! 

This " glorious object " (as Sir John Herschel called it) can 
just be made out with the naked eye on a perfectly clear 
night. Halley mentioned it in 1716 as " of itself but a small 
obscure spot, but with a star that shines through it which 
makes it the more luminous."^ Some years later, Derham 
found it to be '' not a nebulose, but a cluster of stars, somewhat 
like that which is in the Milky Way." * A catalogue of two 
hundred of the components, prepared in 1870 by M. Helmert, 
of the Hamburg Observatory,^ provides material for the future 
investigation of relative changes. 

The presence in a cluster in Monoceros (N.G.C. 2269) of 
" a double seat of preponderating attractions," was observed by 
Sir William Herschel ; ^ and a throng of some two hundred 
stars in Cancer (M 67), discernible with an opera-glass, falls 
no less obviously into two divisions.^ In a collection seen at 
Parsonstown to be riddled with absolutely dark ''lanes and 
openings "• (N.G.C. 2548), the principle of local self-govern- 
ment has evidently been already carried a long way. A 
''reticulated mass of small stars" in Cygnus (N.G.C. 6819) 
was there described as " a most gorgeous cluster, /WZ of holes"; 
and the drawing published by Lord Bosse depicts a winding 

^ AUi deir Aeead. Pont. t. vii. p. 75. 

* BuU. SociiUAstr. de Frcmeet 1895, p. 85. 

' AitTOph, Jbum. vol. i. p. 11. 

* Phil. Trans, vol. xxiz. p. 892. 

' Ibid. ToL xzxYiii. p. 72. 

* Publicaiionen der Hambwrger StemvforU, No. 1, 1874. 

7 Phil Trans. yoL oiv. p. 268. 

* Smyth, OyeU, p. 241 ; L. Fenet, L'Astronomie, t. vL p. 145. 

* Trans. B. Ihtblin Soc toL ii. p. 66. 
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Bast. 




West. 



South. 



Photograph of Messier 11 and adjacent Galactic Cloud-forms. (.Baruai-d.) 
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ribbon of stars inclosing three blank circular spaces of sjrm- 
metrically varying diameters. 

Among the '' curiosities " of the heavens are to be reckoned 
clusters within dustera Thus, a large loose collection in 
Qemini (KG.C. 2331) involves a neat group of "six or 
seven stars close together, and well isolated from the rest." ^ 
A parallel instance is met with in N.G.C. 2194, situated where 
the Milky Way passes between Gemini and Orion ; and within 
the bright cluster M 67 in Cancer, Dr. Boberts was struck 
with a knot of five stars of tenth to twelfth magnitudes, 
"their photo-images touching. If they should be proved," 
he added, " to be physically connected, the revelation would 
be astounding." * 

Star -groupings of singularly definite forms frequently 
occur. A triangular swarm (N.G.C. 7826) presents itself 
in Cetus; a rectangular area in Vidpecula (N.G.C. 6802) 
is densely strewn with fine star-dust Clusters shaped like 
half-open ferns are tolerably numerous. One in Gemini, if 
removed to a sufficient distance, would appear, according to Sir 
John Herschel, "as a fan-shaped nebula with a bright point 
like a star at the vertex." Another specimen of an " acut- 
angular " cluster 2' in length (N.G.C. 7510), is bounded by 
" two principal lines of stars drawing to one." ' 

In Cygnus is an oval annulus, 4^ across (N.G.C. 7128), 
of stars centrally surrounding a ruddy one of the ninth 
magnitude. A similar elliptical group, with a double substi- 
tuted for the red star, is centrally placed in one of the two 
great adjacent clusters in Perseus (N.G.C. 869).* This 
superb object, like the scarcely inferior assemblage (N.G.C. 
884) it immediately precedes, was regarded by Herschel as 
merely a protuberance of the Milky Way, and his intuition 
was probably correct. The two together form a telescopic 
pageant such as, in the wildest flight of imagination, 
Hipparchus could little have dreamed woidd one day be un- 
rolled before the eyes of men out of the " cloudy spot " in the 
sword-handle of Perseus which he (it is said) was the first to 

^ Trans, R. VuJbUn Soc p. 56. 

* (kUstial FhUofirapTu, toL L p. 69. 

* Phil, Tran$, yoL cxxiiL pp. 476, 508. 

^ J. Henohel, PhU, Tram, toI. oxziii. p. 878. 
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detect. Their phTsical connection has been denied,^ and 
remains unproven; jet it is strongly asserted to the eye. 
The second grouping (known as ";^ Persei") woa micro- 
metrically investigated by Yogel in 1867-70, photographically 
by 0. Lohse in 1884,' with the result, from the comparison 
of 172 stars, of demonstrating their fixity during an interval 
certainly too short for the development into visibility of such 
tardy movements as were alone likely to be in progres& A 
rapid spectroscopic survey executed by Vogel, March 30, 
1876,' disclosed no peculiarity in the light of the com- 
ponents; but Mr. Espin has since recognised among them 
nine red stars with fisdntly fluted spectra. The brilliancy of 
this splendid throng suggests that it may be less exorbitantly 
distant from the earth than most other objects of its clasa 
A fine photograph, in which '^ festoon-like groupings" are 
conspicuous, was taken of it by Mr. Boberts at Maghull, 
January 13, 1890.* That by Professor Barnard reproduced 
in Plate XI., Fig. 2, shows at a glance, owing to its smaller 
scale, the essential duplicity of the " Sword-handle " cluster. 

The fiEtmous tinted cluster about k Crucis can only be seen 
from southern latitudes. And it must be confessed that, with 
moderate telescopic apertures, it fails to realise the effect of 
colour implied by Sir John Herschel's comparison of it to a 
*' gorgeous piece of fancy jewellery." A few reddish stars 
catch the eye at once; but the blues, greens, and yellows 
belonging to their companions are pale tints, more than half 
drowned in white light. Some of these stars are suspected of 
considerable mobility. During his visit to the Cape, Herschel 
determined the places of 110, all included in an area of about 
^ of a square degree,'^ and the process was repeated and 
extended to 130 components by Mr. H. C. Russell of Sydney 
in 1872.^ The upshot was to bring out discrepancies which, 
if due to real movements, would be of extreme interest. But, 
under the circumstances, they only raise a distant suspicion of 
change, since Herschers measurements were necessarily too 
hasty to be minutely reliable. 

1 Smyth, CyeU, p. 60. ■ Astr, Naeh, Ko. 2660. 

• Der SUrnhau/m % Persei, p. 81. 

« MofUhly Notieci, yol. 1. p. 815. 

• Cape ObservaHom, p. 17. * Monthly JioUees, yoL xxziii. p. 66. 
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In the constellation Cancer may be seen, any iSne night in 
winter, a blot of dim light placed midway between two fourth- 
magnitude stars. The stars were called by the ancients the 
Asses, AseUi, the interposed cloudlet representing to their 
£Euicy a "Manger/' Prouepe. Since its disappearance was 
reckoned a sure presage of rain/ a good deal of popular 
attention was paid to it, and its stellar constitution was one 
of the earliest telescopic discoveries; but only preliminary 
steps have been taken towards its exact investigation. Of its 
components, thirty are measurable on Butherfurd's photo- 
graphs, and 363 were mapped over an area of three square 
degrees by G. Wolf some sixteen years later, eighty-two among 
them being careftdly determined as points of reference for their 
fellow&' Asaph Hall's catalogue for 1870 of 161 of these 
stars has already been turned to account by Schur of 
GK)ttingen for testing the relative fixity of 46 among their 
number,' previously (in 1868) measured by Winnecke with 
the Bonn heUometer;^ but no assured results as regards 
either their concerted, or their individual movements, have 
yet been elicited Most of the. stars in Frsesepe yield spectra 
of the solar type.' 

The partides of a drop of water are not in more obvious 
mutual dependence than the constituent stars of globular 
clusters; "the most magnificent objects," in the elder 
Herschel's opinion, " that can be seen in the heavens." Were 
there only one such collection, the probability of its separate 
organisation might be reckoned " infinitely infinite," and one 
hundred and eleven of them were enumerated by Sir John 
Herschel in 1864. It does not, however, foUow that the 
systems thus constituted are of a permanent or stable 
character ; their configuration, in fact, points to an opposite 
conclusion. There may, of course, be an indefinite number of 
arrangements by which the dynamical equilibrium of a ** ball 
of stars" could be secured; there is only one which the 
present resources of analysis enable us distinctly to conceive. 

^ AratOB, Dios§meia, ▼▼. 160-180, 266 ; Theophnstos, De Signis Plwviarum, 
ed. Heinsina, p. 419. 

* CompUi X$ndtUt t. zoy. p. 888. 

* A9ir, Mitth, dm- GXtinffemeh^ SUmwarte, 1896. 

* Ibid, Th. ii ; Nature, yoL UL p. 615. 

' Piokeriog, Barvard Aimah, toL xxyi. pt ii p. 264. 
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This was adverted to, many years since, by Sir John HerscheL^ 
Equal revolving masses, uniformly distributed throughout a 
spherical space, would be acted upon by a force varying 
directly as the distance from the centre. The reason of this 
is easily seen; for the farther out a component of such a 
system is located, the more matter there will be inside, and the 
less outside its orbit. The strength of the central pull thus 
reaches a maTimnm at the surface of the sphere, the velocity 
by which it is balanced growing in the same proportion. 
EUipses described under these conditions would all, accord- 
ingly, have an identical period ; whatever their eccentricities, 
in whatever planes they lay, in whatever direction they were 
traversed, each would remain invariable ; and the harmony of 
a system in which no perturbations could possibly arise, would 
remain unbroken for ever, provided only that the size of the 
circulating bodies, and the range of their immediate and intense 
attractions, were insignificant compared with the spatial inter- 
vals separating them. 

But this state of nice adjustment is a mere theoretical 
possibility. There is no likelihood that it has anywhere an 
actual existence ; and the stipulations, upon compliance with 
which its realisation strictly depends, are certainly disregarded 
in all the stellar groups with which we have any close 
acquaintance. The components of these are neither equal, 
nor equably distributed. Central compression, over and above 
the merely apparent effect of the gradually increasing depth 
of the star-strata presented to the eye, is markedly effective 
in globular clusters. Professor Pickering, firom careful photo- 
graphic counts of the three typical specimens cd Centauri, 47 
Toucani, and M 13 (in Hercides) deduced the nile that the 
number of stars per square minute of arc increases in arith- 
metical progression with approach to the middle point.' Beal 
crowding thus intensifies the ''blaze," where the stars run 
together, even with powerful telescopes, into an indiscriminate 
silvery effulgence. 

Sir John Herschel acknowledged his embarrassment in even 
trying to imagine the '' conditions of conservation of such a 
system as that of o> Centauri or 47 Toucani without admitting 

^ OutUnes <^ AMtronwmy, 9th ed. p. 686. 
* Harvard Annali, yol. xzyi. pt. ii p. 218. 
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repulsiye forces on the one hand, or an interposed medium 
on the other, to keep the stars asunder." ^ Thus compacted 
into a whole, they might, he thought, instead of revolving 
individually, be supposed to rotate in their corporate capacity 
as a single body. But the establishment in such aggrega- 
tions of a " statical equilibrium " by means of an " interposed 
medium," is assuredly chimerical. The hypothesis of their 
rotation in one piece is countenanced by no circumstance 
connected with them. It is decisively negatived by their 
irregularities of figure. The sharp contours of bodies whirl- 
ing on an axis are nowhere to be found among these objects. 
Their streaming edges betray a totally different mode of 
oiganisation. 

Globular clusters commonly present a radiated appearance 
in their exterior parts. They seem to throw abroad feelers 
into space. The great cluster in Hercules is not singular 
in the display of '' hairy-looking, curvilinear " branches. That 
in Oanes Yenatici (M 3) has " rays running out on every side" 
from a central mass, in which " several small dark holes were 
disclosed by Lord Boese's powerful reflectors ; ' showing pretty 
plainly that the spiral tendency, visible in the outer regions, 
penetrates in reality to the very heart of the system. From 
a weU-known cluster in Aquarius (M 2), " streams of stars 
branch out, taking the direction of tangents."' That in 
Ophiuchus (M 12) is provided with long straggling tentacles, 
of a "slightly spiral arrangement," according to the same 
authority. And a remarkable assemblage in Coma Berenices 
(M 53) was described by Herschel and Baily as "a fine com- 
pressed cluster with curved appendages like the short claws 
of a crab running out from the main body." * The peculiarity 
in question is the more significant that it is shared by many 
undoubted nebulae. 

We find it difficult to conceive the existence of " streams 
of stars" that are not jUnoing \ and accordingly the persistent 
radial alignment of the components of clusters inevitably 
suggests the advance of change, whether in the direction of 

^ Cape OhHirvoiioni, p. 189. 

* JVofM. IL Dub, Soe, toI. ii. p. 182. 

s IM. p. 162. 

* PhU, Tram. toL ozziu. p. i58. 
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concentration or of difFdaion. Either the tide of movement is 
setting inward, and the " clustering power " (to use a fitvourite 
phrase of Sir William Herschel's) is still exerting itself to 
collect stars from surrounding space; or else a centrifugal 
impulse predominates, hj which full-grown orbs are driven 
from the nursery of suns in which they were reared, to seek 
their separate fortunes, and enter <xl an independent career 
elsewhere. But the question as to whether separatist or 
aggregationist tendencies prevail in globular clusters is, for the 
present, beyond the range of profitable discussion* All that 
can be said is that, after the lapse of some centuries, photo- 
graphic measurements may help towards deciding it. 

An object visually resembling a blurred star below the 
fourth magnitude, was named by Bayer to Gentauri. It never 
rises in these latitudes, but HerscheFs great reflector revealed 
it to him at the Cape as a " noble globular cluster, beyond all 
comparison the richest and largest object of the kind in the 
heavens." ^ The stars contained in it are, strictly speaking, 
innumerable. About 6400 have been enumerated from the 
best photographic plates;^ but a residuum of mottled haase 
indicates the reckoning to be far from exhaustive Those 
individualised are nearly all brighter than the fourteenth, 
fainter than 12'6 magnitude; and no less than 125 among 
them have been found by Professor Bailey to flash and fade in 
periods ranging from 475* to 6^" 11". The diameter of this 
stellar swarm is put at 40^ but some 1600 of its apparent 
constituents are held to belong to the general population of 
the sky. 

The loveliness of the cluster 47 Toucani near the Lesser 
Magellanic Cloud was, to Herschel's view, set off by a diversity 
of colour between an interior mass of rose-tinted stars and 
marginal strata of purely white ones.' But the effect was 
doubtless subjective ; it met with no later recognition ; and to 
the present writer, in 1888, the sheeny radiance of this 
exquisite object appeared of uniform quidity from centre to 
circumference. A photograph of it, secured November 17> 

^ Oape ObservaHant, p. 21. 

' Astr. and Astrophysics, vol. xii. p. 691 ; Mavrvard Annals, yol. zxzviiL 
p. 5 (BaUey). 

* Cape Oburvatians, p. 18. 
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1902, at the Boyal Observatory, Cape of Ckxxl Hope, is, 
through the kindness of Sir David Gill, reproduced in Plate 
XII., Fig. 2. Probably no other cluster exhibits an equal 
degree of compression. Within a sphere of 11' radius are 
included nigh upon 10,000 stars, of which 5019 have been 
actually counted.^ The blankness of the surrounding sky 
renders 47 Toucani all the more obvious to unaided sight ; it 
was, indeed, for several nights after his arrival in Peru, 
mistaken by Humboldt for a comet.' Only eight variables 
have been detected in it — a scanty gleaning compared with 
the rich harvests gathered in a> Centauri, and in the starry 
spheres M 5 and M 3, situated in Serpens and Canes Venatici 
respectively. The last-named collection shelters at least 132 
flickering lights, being one in seven of its individualised 
components. Those of several other clusters, nevertheless, shine 
with remarkable stability ; and these contrasts seem unrelated 
to diversities of structure or quality in the groups manifesting 
them. 

The gradations of lustre are, in many of these aggrega- 
tions, distributed on a clearly traceable plan. Ab a general, 
if not an invariable rule, the smaller stars are gathered 
together in the middle, while the bright ones interpenetrate 
them in rows and branche& Thus, of a magnificent cluster 
in Sagittarius (M 22), known since 1666, the central portion 
accumulates the light of multitudes of excessively minute, 
and is freely sprinkled over with larger stars. Sir John 
Herschel remarked of a cluster in the southern constellation 
of the Altar (N.G.C. 6752) : " The stars are of two magnitudes ; 
the larger run out in lines like crooked radii, the smaller are 
massed together in and around the middle."' A similar 
arrangement was noted by Webb ^ in the Canes Venatici and 
Coma Berenices clusters (M 3, M 53), as well as in the 
imposing coUection in Serpens above referred to, the more 
condensed part of which (compared by Sir John Herschel to a 
snowball) seems as if ** projected on a loose, irregular ground 
of stars."* 

^ Bailey, JSdrvard Awnals, vol. zzxyiii. p. 249. 

* Cosma (0tt^*8 traiu.), voL iii p. 192. 

' Cape ObiervcUionif p. 119. 

« Student, toI. i p. idO. 

• Phil, Trane, toI. ozxiii p. 869. 



Digitized by CjOOQIC 



238 THE SYSTEM OF THE STABS 

Irregularities of distribution in clusters assume at times 
a highly enigmatical form. At Parsonstown, in 1860/ three 
*' dark lanes/' meeting at a point considerably removed from 
the centre, were perceived to interrupt the brilliancy of the 
globe of stars in Hercules (M 13). They were afterwards 
recognised by Buffham and Webb, and recorded themselves 
with emphasis in a photograph taken by Dr. Boberts in 1887. 
Grlobular clusters in Ophiuchus (M 12), in P^;a8us (M 16),' 
and in Canes Venatici (M 3), appear to be similarly tunnelled. 
Preconceived ideas as to the mechanism of celestial systems 
are utterly confounded by phenomena not easily reconcilable 
with the prosecution of any orderly scheme of circulatory 
movement. The seeming rifte, however, are not absolutely 
vacant. A study of the cluster in Hercules (M 13) by 
Mr. H. K. Palmer,' from plates exposed with the Crossley 
reflector, brought out the singular fact that its components 
fall generally into two orders, the distribution of which is 
radically different The faint stars, or those below 13*6 
magnitude, are scattered with fair unifDrmity throughout a 
spherical space; those brighter obey a streaming tendency, 
and the gaps between their ramifications show as dark lanes. 
The same explanation is doubtless valid in all similar cases. 

Differences of distance are alone adequate to account for 
the variety of texttt/re observable in globular clusters. That 
in Aquarius, for instance, likened by Sir John Herschel to '^ a 
heap of golden sand,'' might very well be the somewhat coarse- 
grained Hercules group withdrawn as £Eur again into space. 
At a still further stage of remoteness, the appearance would 
presumably be reached of a stellar throng in the Dolphin 
(N.G.C. 6934), which, with low powers, might pass for a 
planetary nebula, but under stronger optical compulsion 
assumes the granulated aspect of a true cluster. And many 
more, their genuine nature rendered impenetrable by excessive 
distance, are possibly reduced to the featureless semblance of 
" irresolvable " nebuke. 

But there are real, as weU as apparent diveisities in these 
objects. Although smaller and more compact clusters must, 

» Phil Trans. toI. cli. p. 782. 

* Webb, Cel Oljects, p. 872. 

* AttropK Jowm, toL z. p. 246. 
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Pljotogiapl»8 of Southern Sideieal Objects. 
Fig. 1. Photograph of Messier 8, taken with the Bruce Telescope by i^- I- ^ailev. 
Fig[. 2. Plioto^aph of 47 Toucanie, taken at the Royal Ob8ervator)% Cape of Good Hope. 
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on the whole, be more remote than large, looselj-formed ones, 
jet " this argximent/' Sir William Herschel remarked, " does 
not extend so far as to exclude a real difference which there 
may be in different clusters, not only in the size, but also in 
the number and arrangement of the stars." There may be 
globular clusters with components of the actual magnitude of 
Sirius ; others, optically indistinguishable from them, may be 
ft^regated out of self-luminous bodies no larger than Mars, 
or even than Ceres or Pallas. Our total inability to locate 
them in space leaves us without the means of judging. Nor 
are we likely to be better provided in this respect for an 
indefinite time to come. All that can be done is to make a 
' supposition, and trace the consequences. Let our example be 
the great cluster in Hercules. 

" This is but a little patch," Halley wrote in 1716, but it 
shows itself to the naked eye when the sky is serene, and the 
moon absent^ Messier termed it "n^buleuse sans ^toiles";' 
yet a "twinkling" indicative of its stellar character may 
be caught with a telescope four inches in aperture ; and a 
powerful instrument resolves it to the core. Within the 
precincts of Bailey's "little patch," Sir William estimated 
fourteen thousand stars to be " cribVd, cabined, and confined !" 

The apparent diameter of this object, including most of 
the " scattered stars in streaky masses and lines," ^ which form 
a sort of "glory" round it, is 18'; that of its truly spherical 
portion may be put at 14^ Now a globe subtending an angle 
of 14' must have a real diameter -^^ of its distance from the 
eye, which if we assume to be such as would correspond to a 
parallax of -^^ of a second, we find that the cluster, outliers 
apart, measures 1,600,000 millions of miles across. Light, in 
other words, occupies about ninety-seven days in traversing 
it, while it needs sixty-five years to journey thence hither. 
Its components may be regarded, on an average, as of 13*5 
magnitude; and Mr. Pahner reckoned at 5482 the number 
distinctly printed on the Crossley plates. 

If, then, 5500 stars be supposed uniformly distributed 
through a sphere 1,600,000 million miles in diameter, an 

* Phil. TroTU. Tol. xxix. p. 892. 

* Conn. d€9 T^mpa, 1784, p. 288. 
' FhH. Tran$. toL czziii. p. 458. 
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interval, roughlj, of 61,000 million, or more than twenty- 
five times the distance of Neptune from the son, separates 
each from its nearest neighbour.^ Upon a spectator in an 
intermediate situation, six stars (besides crowds of graduated 
inferiority) would shine with about sixteen times the lustre 
that Sirius displays to us. Yet sLoce 626 million stars of 
this brilliancy woxdd be needed to supply the light we receive 
ficom the sun, the general illumination of the cluster cannot 
greatly exceed the qualified darkness of a star-lit night. 

At its surmised distance, our sun would appear as a star 
of 6*3 magnitude; it would shine, that is to say, about 760 
times as brightly as an average one of the grouped objects. 
Each of these, accordingly, emits ^hi ^^ ^® ^^ ^^^ » ^^^ 
if of the same luminosity relative to mass as the sun, it 
exercises just ^g^ of the solar attractive power. The mass 
of the entire system of 6500 such bodies is accordingly 
less than one -third that of our sun. This may be 
regarded as a minimum estimate. The probabilities are in 
favour of the cluster being vastly more remote than we have 
here assumed it to be ; hence composed of larger or brighter 
and presumably more massive individual bodies than results 
from our calculation. 

No insight has yet been obtained into the mode of forma- 
tion of globular dusters. Their antecedent state remains 
wholly obscure. True nebulosity appears to be absent from 
them. All those examined by Professor Barnard with the 
great Yerkes re&actor proved throughout unmistakably stellar. 
The nebular relations of less condensed groups are, on the 
other hand, frequently very dose; and their photographic 
study has amply justified the conjecture that the two classes 
of object form an imbroken series — that clusters exist in 
every stage of development from nebulas, and that the advan- 
cing condensation of many nebulas will eventually transform 
them into veritable dusters. Suggestions to this effect derived 
from analogies of form,' are corroborated by numerous observa- 
tions of the actual coexistence with grouped stars of nebulous 
masses. The Pleiades is the palmary but not a solitary 

^ See Mr. J. E. Gore's analogous oalcnlatioiifl in Jaum, JAv. Attr. Soe, 
▼ol. T. p. 169 ; Studies tf» Astronomy, p. 80 (1904). 
s Lookyer, Proc B. Society^ vol. xliv. p. 29. 
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instance of a hybrid system. A bright cluster of the same 
general character in Sagittarius (N.G.C. 6530) is obviously 
connected with a great nebula (M 8), in the meshes of which 
it seems as if entangled. Yet the two formations are not 
strictly concentric. The cluster follows, while it overlaps 
the nebula. Nor do the cosmic floccules adhere so closely to 
individual stars as in the Pleiades. Plate XII.,. Fig. 1, shows a 
photograph of the combination taken at Arequipa with the Bruce 
telescope, June 11, 1896 ;^ and a group of nebulous stars in the 
immediate neighbourhood was detected by Professor Barnard 
on a plate exposed during four and a quarter hours, June 
25, 1892. 

A suggestive photograph of a " cloudy vortex " * in Mono- 
ceros (N.G.C. 2237-39) was taken by Dr. Roberts, March 5, 
1899. Within a series of annular undulations (so to call 
them) of nebulous matter covering a sky-space one degree 
across, a straggling cluster is centrally situated. The associated 
effect strongly recalls that of Nova Persei with its web of 
glimmering whorls, and intimates possibly an analogous 
genetic tie. 

The spectra of clusters while, in the main, continuous, 
are probably not devoid of individual peculiarities. Sir 
William Huggins was struck, in 1866, with the absence of 
red rays from the analysed light of the great cluster in 
Hercules, and perceived in it irregularities due either to bright 
or dusky bands.* They were construed in the latter sense by 
Vogel in 1871,^ since when the inquiry has been unaccountably 
n^lected. With the powerful instruments of modem con- 
struction, it might, nevertheless, be profitably extended by 
spectrographic means to many globular assemblages ; and the 
results to be expected &om it are a siiu qud non for advancing 
much further our imperfect acquaintance with them. 

* Etarvard Circular, No. 15. 

' Mrs. Boberts, Jowm. £rU, Aslr. A$$, vol. xii. p. Ill ; see also Barnard, 
AUr. Naeh. No. 2918, Astr, and Aairopkysiea, vol. ziu. pp. 178, 642. 
« Fhil. Tram, vol. clyi. p. 889. 
« A9tr. Nach. No. 1864. 
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CHAPTER XIX 

THE FORMS 07 KEBULfi 

Ths fantastic variety of nebular forms was long a subject of 
wonder ; and although wonder, in the Baconian phrase, be 
" broken knowledge," the fragments weie not readily pieced 
together. Inchoate worlds, disclosed with astonishing pro- 
fusion by great telescopes, seemed like mere " sports of nature '* 
in the sidereal spaces. Nebulas were to be found in the 
semblance of rings, fans, brushes, spindles ; they abounded in 
planetary, cometary, elliptical, branching varieties; nebulous 
shields, embossed with stars, or tasselled like the s^s of 
Athene, displayed themselves, as well as nebulous discs, rays, 
filaments, triangles, parallelograms, twin and triple spheres. 
One nebula, thought to resemble the face of an owl, was 
named accordingly; another suggested a crab; a third a 
swan ; a fourth (the great Orion formation) became known as 
the Fish Mouth nebula, from its supposed likeness to the 
gaping jaws of a marine monster. Fancy ranged at large 
through this wide realm, attempting to familiarise itself 
with the strange objects contained in it by finding for them 
terrestrial similitudes. 

Within the last few years, however, — indeed, it may be 
said, since the completion of the Bosse reflector in 1845, — 
nebular inquiries have entered upon a new phase. A *' glim- 
mering of reason " has begun to hover over what long appeared 
a scene of hopeless bewilderment. With improved telescopic 
means — above all, with the aid of photography — structure has 
become increasingly manifest among all classes of nebulae. 
Structure, not of a finished kind, but indicating with great 

242 
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probability the advance of formative processes on an enormous 
scale, both as r^ards space and time. Masses that seemed 
all but amorphous when imperfectlj seen, show to a keener 
scrutiny nodes and nuclei of condensation; curving lines of 
light, telling of the presence of movement and force, furrow 
them; they are perceived to be rifted as if by a colossal 
thunderbolt, or riddled as if by a portentous cannonade. 
Simple milky effusions prove to be far less common than had 
been supposed, and excessive complexity of constitution is 
already a recognisable characteristic of most nebulae. 

It is one which adds greatly to the interest of their study. 
* For as the curious details of their organisation are laid bare 
by the intricate inequalities of their light, the prospect grows 
hopeful of gaining some insight into the nature of the systems 
formed by, or in preparation from them. Optical discoveries, 
while gradually acquiring physical significance, are helping 
to lay the foundation of a '^ nebular theory ** emanating from 
augmented knowledge, and the discreetly adventurous thoughts 
which it may be supposed to coimtenance. 

Meanwhile, some mode of nebular classification has to be 
adopted for the guidance of our ideas ; and since their rapid 
modification through fresh detections allows no arrangement 
to be at present more than provisional, it will be best to 
depart as little as possible from that already in use. We 
may, then, for descriptive purposes, divide nebulas into the 
following eight classes, which, nevertheless, frequently over- 
lap so widely as to be barely distinguishable: — (1) Nebulous 
stars ; (2) Planetary nebulae ; (3) Annular nebulae ; (4) Comet- 
ary nebulae; (5) Spiral nebulae; (6) Double nebulae; (7) 
Elliptical nebulae ; (8) Irregular nebulae. 

In the course of one of his " reviews of the heavens," Sir 
William Herschel discovered a star in Taurus '' perfectly in 
the centre " of a " fEuntly luminous atmosphere " about 3' in 
diameter.^ The consideration of this object (K.G.C. 1514) 
and of some others like it, led him in 1791 to the memorable 
conclusion that there exists in space "a shining fluid of a 
nature totally "unknown to us." Nothing, indeed, could be 
clearer than that " the nebulosity about the star was not of 
a starry nature," and there is just as little doubt that it is 
^ PUL Tram, vol. Izzxi. pp. 71, 82. 
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no atmosphere in the ordinary sense of the word. This is 
demonstrated by its extent alone. For the ''glow" round 
Herschel's pattern nebulous star fills a sphere by a moderate 
estimate thirty times as wide, or 27,000 times as capacious, 
as that enclosed by the orbit of Neptune ; and the Rosse 
telescope disclosed irregularities of illumination within it,^ 
entirely inconsistent with the prevalence of gaseous equili- 
brium. Thirteen nebulous stars were enumerated by Herschel, 
and many have since been added to them. A fine specimen 
in Eridanus was picked up by Swift in 1859 ;^ a small star 
in Ursa Major came out strongly "burred" on one of Dr. 
Boberts's plates in 1889;' and Professor Barnard's photo- 
graphic explorations have yielded numerous examples of a 
similar nature sometimes associated into multiple groups. 
Among Sir John Herschel's southern discoveries was a close, 
sharply-defined double star surrounded by a bright luminous 
" atmosphere " 2' in extent * (N.G.C. 5367) ; one of Bumham's 
close pairs is in slow revolution, as already mentioned, at the 
heart of the nebula N.G.C. 2182 ; while nebulous spectroscopic 
binaries, despite their apparently incongruous circumstances, 
are beginning to take rank among the ordinary products of 
the sidereal world. 

A "nebulous star" proper forms the centre of an ill- 
defined aureola ; but nebulous adjuncts to stars exist in every 
variety of branches and chevelures, wisps and whorls. In- 
deed the sequence is so continuous between bright stars with 
filmy appendages, and pronounced nebulae involving minute 
stars, that it is often difficult to say whether the stellar 
or the nebular character predominatea Thus, "planetary" 
nebulae have, with rare exceptions, stellar nuclei ; they can be 
discriminated, however, from nebulous stars, first, by their 
predominantly gaseous spectra, next, by the definite termination 
of their discs. 

It is then no wonder if, among Herschel's nebulous stars, 
one was found not strictly entitled to bear that name. This 
nondescript object (N.G.C. 2392) is situated in Gemini, and 

> Ttivm, R, Dub, Soe. vol. ii. p. 40. 

* Sidereal Meuenger, vol. iy. p. 89. 

s Monthly Notices, vol. zlix. p. S63. 

* Gape Observations, pp. 28, 107. 
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that it struck him as something unusual may be inferred from 
his designating it " one of the most remarkable phenonema I 
have ever seen." ^ With the Parsonstown reflector it presented 
a most " astonishing " appearance. Herschel's *' equally 
diffused nebulosity " was replaced by several bright and dark 
rings, various in breadth, and perhaps spiral in their arrange- 
ment.^ The diameter of the combination is about 46", and 
doubts about its nature were set at rest by the dicttun of the 
spectroscope. D'Arrest * found its light to be concentrated in 
the green ray of nebulium (wave-length 5007) — the central 
star or nucleus asserting its superior condensation by the dis- 
play of a faint continuous radiance. It is then essentially a 
nebula, and generally passes for one of the annular, or 
perforated kind. A truly nebulous star of a reddish colour, 
makes ¥dth it (not, we may surmise, fortuitously), an open 
pair at 105".* 

A nebula in Aquila (N.O.C. 6781) presents analogies 
to Herschers burred star in Gremini J. Herschel con- 
sidered it to be of planetary nature ; but the Bosse reflector 
showed a sudden diminution of brightness towards the 
middle,^ and Barnard unhesitatingly pronounces for its 
annularity.^ 

Planetary nebuhe were first distinctively adverted to by 
Sir William Herschel. Their classification caused him a good 
deal of perplexity. " We can hardly suppose them," he re- 
marked at starting, " to be nebulsB ; their light is so uniform 
as well as vivid, the diameters so small and well-defined, as 
to make it almost improbable they should belong to that 
species of bodies." After he had weighed and found wanting 
the hypotheses of their being actual planets belonging to 
distant suns, or distended stars, or comets near aphelion, he, 
nevertheless, at last decided — ^rightly, as usual — in favour of 
their nebulous nature.^ 

' PhiL Trans. toL Ixtti. p. 81. 

> Tram. B. Dub. Soe, vol. ii p. 59 ; see Also H. C. Key, Monthly Notices, 
voL zzviii. p. 154. 

3 Astr. Naeh. No. 1885 ; Ahhamdlungon, Leipzig, Bd. iii. p. 821. 

* Lassell, Memoirs R. Astr. Soe. vol. xzzri. pp. 42, 61. 

» Trans. R. DUb. Soe. vol. ii. p. 59 ; Fhil. Trans. 1861, p. 782. 

« Monthly Notices, vol. Ix. p. 256. 

^ Phil. Trans, vol. Ixxv. p. 265. 
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Fifty of them were known when Pickering b^;an '' sweep- 
ing" in 1881, for "stars with remarkable spectra";* and 
within a few years, npwards of twenty more were identified, 
through the quality of their light alone, by him and Dr. 
Copeland. These are, 4iowever, devoid of the conspicuous disc 
which was the original badge of their class ; they are either 
very small, or very remote planetaries; and are often dis- 
tinguished as " stellar nebuke." 

A true " planetary " aspect has not, indeed, in any case 
survived the scrutiny of modem observers. What had seemed 
equably illuminated discs are broken up by the powerful tele- 
scopes now in use, into brighter and darker portions, dis- 
tributed in evident relation to some unknown conflict of forces. 
Some of these discs include strongly-marked nuclei ; others a 
sprinkling of minute stars ; condensation towards a spherical 
surface gives to many the aspect of a ring-shaped enclosure ; 
few (if any) are dean at the edges. 

Not a few are seemingly multiplex. Two or three super- 
posed discs are traceable in them, hinting at a morphological 
history similar to that of disturbed comets. 
Thus a small oval planetary (N.G.C. 6572) in 
Ophiuchus was resolved by Vogel with the great 
Vienna refractor in 1883,^ into three strata of 
nebulosity disposed as in Fig. 28, representing, 
no doubt, successive spherical and ellipsoidal 
- -' ' envelopes of diminishing luminous power. 
^'sketeh'of^S An object (N.G.C. 6210) with an "intense 

Nebula (Vogel). ^^^^ ^^^^.^ fading off to somc distance all round," 
and hazy at the edges,* was perceived by Vogel as triple. A 
faint oval hvsk (so to speak) seemed to enclose a vivid kernel, 
and that again to include a stellar nucleus. This nebula is 
situated in the constellation Hercules ; and one of a similar 
character in Eridanus (N.G.C. 1535), was described at Par- 
sonstown as presenting a granular, Nile-water blue disc 18^' 
across, including a stellar nucleus, and encircled with a fetint 
atmosphere.^ Mr. Lassell noted the combined eflect as 

> Observatory, vols. iv. p. 81, ▼. p. 294 ; Monthly Notices, toI. x\v. p. 91. 

* Foisdam Publieationen, No. 14, p. 84. 

' Trwis, H. Dub. Soe, toL ii. p. 150. 

* /Mrf. p. 41. 
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" extiaoidinaiy and beautiful" ^ Such " nebulous nebulse " (to 
borrow Dr. Swift's phrase) ' are among the most enigmatical 
of celestial objects. 

Of special interest among planetary nebulse is one lying 
quite close to the pole of the ecliptic, near the star co Draconis 
(N.O.C. 6543). Its longer diameter (for it is slightly 
elliptical) measures about 30'^; it is of a blue colour, and 
shows a white star of eleventh magnitude giving a perfectly 
continuous spectrum exactly in the middle of a disc from 
which a purely gaseous one is derived. Sir William Huggins's 
first experiment in the analysis of nebular light was in fact 
tried upon the planetary in Draco, which has in various ways 
been used as a test object. Attempts to determine its parallax 
were vainly made by d'Anrest, Briinnow, and Bredichin.* For 
proper motion, too, it was tested by d' Arrest in 1872, with a 
similarly negative result. During the eighty -two years' 
interval since a careful observation by Lalande in 1790, the 
nebula had remained to all appearance completely stationary. 
But this fixedness was really to some extent communicative 
as regards its minimum distance from the earth. D' Arrest 
showed that unless this exceed a light-journey of forty-seven 
years, the nebula must have become sensibly displaced in the 
course of eighty-two years by the simple perspective efTect of 
the sun's advance at the rate of five miles a second.^ Now the 
solar velocity assuredly does not fall short of twelve miles a 
second, while the term of the nebula's seeming immobility 
has become protracted from 82 to 115 years. The estimate 
of its distance needs, on both these grounds, to be augmented ; 
and we find, accordingly, that its light can only reach our 
eyes after an interval of nearly 160 years,^ if then ; for it may 
spend a much longer time on the road. The real size of the 
globe it emanates from must be vast in proportion to such 

* Memoirs B. Aitr, Soe, toI. zzxtI. p. 40. 

' Asir, Naeh, No. 8474. 

' Brttniiow obtained for H iv. 87 a nominal parallax, but Bredichin, from 
nearly double the nnmber of obsenrations, derived a negative one implying the 
nebula to be more remote than the tenth-magnitude star with which it was 
compared. Atiir, Naeh. No. 2916 (Ondemans) ; 3ng. Mee. vol. xliii. p. 604 
(H. Sadler). 

« Aetr. Naeh. No. 1885. 

' Corresponding to a parallax of 0**02. 
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extieme remoteness. Not less, indeed, than twenty - five 
diameters of the orbit of Neptune would be needed to measure 
it from side to sida 

The question, however, might be raised as to whether the 
figure of the Draco planetary is even approximately globular. 

Helical lines of structure 
were discerned in it by 
Professors Holden and 
'■^' / f ' 1 \ Schaeberle in 1888^ (see 

<& - I I ^ I f ^^' ^^)' ^^^ ^^® coiling 

shape indicated was to 
some extent confirmed by a 
photograph taken at Meudon 
in 1899.^ A "large, pale 
planetary" in Sagitta (N.G.C. 6905), with a closely attend- 
ant star at each side,' was easily resolved into a spiral by 




Fio. 20. -Helical Nebula in Draco (Holden). 




Pio. 80.— Spiral Planetary Nebula in SagltU (KruneUdget vol. xxiii. p. i50X 

M Antoniadi, with the great Paris siderostat.* His drawing, 
reproduced in Fig. 30, shows the object under a form similar 
to that presented by the " Great Whirlpool " nebula until 

* Monthly Notices, vol. xlviii. p. 388 ; Publ A. S, P. Tol. L p. 26. 

- Deslandres, Bull, Astr. Feb. 1900. 

^ Keeler, Publ. Lick Observatory, vol. iii. p. 218. 

^ Knowledge, vol. zziii. p. 250. 



Digitized by CjOOQIC 



THE FOEMS OF NEBULA 249 

the compelling power of the Bosse reflector was brought to 
bear on it. 

These are not isolated examples. A considerable number 
of planetary nebul», as we have already partly seen, manifest 
both annular and spiral tendencies. In some a marginal 
brightening gives, with sufficient light-concentration, the effect 
of a ring ; in others, curvilinear effects of chiaroscuro betray 
incipient spirality of conformation. Since they partake of the 
nature of all the three species, their classification is to a great 
extent arbitrary. Five of Herschel's planetaries assumed, in 
fact, at Parsonstown a ring-shape.^ One of these (N.O.C. 
2438), remarkably situated within the cluster M 46 in Argo, 
was observed not alone to be pierced with a nearly central 
cavity, but to contain two, perhaps three stars, towards one 
of which the exterior nebulous ring wound spirally inward.* 
A "hole" too disclosed itself in a planetary in Andromeda 
(N.6.C. 7662) observed by Lassell as biannular, "a ring 
within a ring." To Father Secchi, it had, with high powers, 
the effect of a '' magnificent horseshoe of scintillating points," ' 
the glitter of which was also evident to YogeL^ It is, never- 
theless, like all the members of its class, of a purely gaseous 
constitution. The '' biannular " planetary is either hazy or 
''fringed" at the edges, of a bluish colour, and measures 
32'' by 28".* An efiusion from its south-eastern extremity 
was photographed by Deslandres.^ 

The blue, or greenish tinge distinguishing, to some extent, 
all gaseous nebulae, is especially conspicuous in a planetary 
(N.G.C. 3918), discovered by Sir John Herschel in the 
Centaur, and described as very like Uranus, only half as large 
again, its " colour a beautiful rich blue, between Prussian and 
verditer green." ^ And a "sky-blue likeness of Saturn" 
replaced, in Mr. Lassell's reflector, a round, faintly lucent 
object (N.G.C. 7009) observed by Herschel in 1782 near 
the star v Aquarii. With higher powers, the disc became a 
ring 26" by 16", hazy within and without; and the whole 

1 PhiL Trans. toL czL p. 507. ^ Ihid. p. 518. 

' Astr, Naeh, No. 1018 ; Lea JitaOea, t. ii. p. 14. 

^ POidam Fublteatumeti, No. 14, p. 87. 
* Lassell, Memoirs Ji» AUr, Soe, vol. zzxvi p. 51. 
• Bull. Astr. Feb. 1900. 
V Cape Observations, p. 100. 
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interior aasumed, under Vogel's examination, a corionB screw- 
shaped structural Professor Holden remarked an unexpected 
point of likeness between this nebula and the one in Andro- 
meda (N.G.C. 7662), in the possession bj both of an 
interior oval ring, singularly warped and twisted out of the 
central plane; the peculiarity associating them also with 
the helical planetary in Draco. The ansae, or handle^like 
appendages producing in the object near v Aquarii its 
resemblance to Satiurn with half-opened rings, are a unique 
feature among nebulae. First represented by Lord Bosse, they 
were resolved by Professor Holden* into distinct luminous 
masses, just traceably connected with the main body (see Fig. 31). 

The analogy with satellite-stars 
is tempting, but may be mis- 
leading. The frequent attend- 
ance of small stars upon nebulae 
both planetary and annular long 
rio. II.— AnnnUr Nebaii in Aqiuuiiu ago attracted the attention of 
(Holden). gjj. j^j^^^ HerschoL" One such 

group (N.G.C. 6818) struck him as exactly like a planet 
and pair of moons, and stars in slow transit across a nebula 
of which they are the dependents, may often appear projected 
upon it. But not the slightest evidence of movement in these 
ancillary stars has yet been detected. 

The typical annular nebula (M 57) was detected by 
Darquier of Toulouse in 1779, between /8 and 7 Lyrae. It 
consists of an oval bright ring, 80" by 60", the interior of 
which is filled with a dim nebulous haze Uke '' gauze stretched 
over a hoop."* Harding, already in 1797, perceived insu- 
larities in the illumination of the ring ; ' and vivid patches 
emphasise the extremities of the minor axi& Minima of 
light, on the contrary, terminate the major axis ; the nebula, 
as photographed at Her^ny, September 1, 1886, taking some- 
what the shape of a pair of parentheses set a little apart, 
thus 3» ^^^ "^^^^ spiral links between.* With the Bosse 

^ Potidam Publicatiofisn, No. 14, p. 87. 

• Monthly Notieei, vol. xItui. p. 891. » PhiL Tram. voL cxxiii. p. 600. 

« Sir J. Heracbers Outlinea o/AUr. p. 644, 9th od. 

* Holden, Monthly Notieoi, voL zxztL p. 64. 

• Von Oothaid, A$tr, Haeh. No. 2749. 
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reflector, filaments of nebulosity were seen streaming outward 
from the edges ; ^ and the reality of these singular appendages 
was, after fifty-three years, photographically attested with the 
Crossley reflector.^ 

A central star, discerned in this nebula by von Hahn at 
Bemplin, towards the close of the eighteenth century, was 
missed by him in 1800,' and has often since evaded the 
scrutiny of better provided observers. It appeared on the 
Her^ny and Liverpool photographs,^ but notwithstanding its 
intense actinic quality, left no trace on plates exposed at Paris. 

Dr. Max Wolf's recent photographs lend some countenance 
to the explanation of these anomalies by genuine variability.^ 
This insignificant light-speck appears to be the very puncttim 
saliens of the surrounding nebulous organism. Professor 
Schaeberle's photographs, taken in 1903 with a reflector of 
extraordinarily short focus, display it as the origin of a pair 
of oppositely issuing branches which, coiling in a clockwise 
direction, produce by their amalgamation the effect of a com- 
plex ring.^ Moreover, the ring is now seen to be the nucleus 
of a larger formation, 16^ in diameter, which embraces in its 
dim folds a small nebula, also a " two-branched, left-handed 
spiral," discovered by Professor Barnard in 1893. These 
surprising results, although needing full verification, are re- 
commended to acceptance by the unity they impart to facts 
previously disjointed and fragmentary. 

A nebula in Cygnus (N.G.C. 6894) might be called a 
reduced copy of that in Lyra. It measures 47" by 41", the 
interior vacuity, which is partially filled with faint light, 20". 
A conspicuous star is included within it.^ An object of the 
some kind in Scorpio (N.G.C. 6337) was described by Sir 
John Herschel as " a beautiful delicate ring of a fednt ghost- 
like appearance, about 40" in diameter."^ Two stars, or 
nebulous nodes, are placed in it exactly opposite to each 

* Phil, Trans, vol. cxxziv. p. 322. 
' Keeler, Astroph. Joum. vol. z. p. 196. 

* Asir. Jahrbueh, 1802, p. 10. 

^ Von OothArd, A$ir. Naeh, No. 2764 ; Spitaler. ibid. No. 2800. 
B Attr, Naeh. No. 3844. 

* AHr, Joum. Noa. 539, 547. 

^ Lord RoMe, Tram, R, Irish Acad. vol. ii. p. 156. 
* Cape Ohssrvaiions, p. 114. 
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other, and the whole aspect of the nebula suggests extreme 
remotenesa^ 

Four ring-nebulae, two in the northern, two in the southern 
hemisphere, were known to the Herschels; and, as we have 
seen, many so-<»dled '' planetaries " show annular, as annular 
nebulffi show spiral proclivities. Kings, in some instances, 
visibly curve inward towards a nucleus, giving rise to the 
variety which we have designated " cometary " nebulae. Thus, 
a ninth - magnitude star with nebulosity attached (N.O.O. 
1999) appeared with the Bosse reflector like "a comet coiled 
into a ring " ^ and was photographed, precisely under the same 
aspect, by Dr. Common in 1883.' The triple star, i Ononis, 
less than a degree distant, is enveloped in a nebula of ana- 
logous form, which is also less definitely shown by the 
appendage of the star Maia in the Pleiades. Sir John 
Herschel's " falcated " nebulae are of the same kind. One 
such in Argo, 10' in extent (N.O.C. 3199) displayed to him 
a " semi-lunar shape," diffuse outside, but with a sharp inner 
edge.* Another (N.G.C. 346) occure far to the south in 
Hydru& " A complete telescopic comet, a perfect miniature 
of Bailey's,"* was encountered in Eridanus (N.G.C. 1325), 
and star-like condensations, with brush, or fan -like appur- 
tenances, are not unfrequently entered on bis list& A pair 
of small nebulae photographed by Wolf and Barnard near the 
bright star j Cassiopeiae * are singularly perfect examples of 
rectilinear cometaries. They imitate precisely half -opened 
fans ; the emanation from the star at the vertex has had no 
curvature impressed upon it ; it spreads from a point without 
enfolding it ; the rotational twist seems absent. 

The discovery of spiral nebulae was beyond question the 
most important result of the construction of the great Parsons- 
town reflector. Its significance is continually enhanced as the 
wide prevalence of convoluted forms among this whole class 
of sidereal objects is rendered more fully apparent by the 
increasing advance of exploration. 

The Whirlpool nebula in Canes Venatici (M 51) presents, 

' Lassell, Memoirs Ji, Astr, Soc. vol. zxzvi p. 47. 

2 TVofu. R. Dub, See. vol. ii. p. 60. ' Ohservatoryt vol. xiL p. 84. 

* Cape ObiervcUions, pp. 20, 94. * Ibid, p. 61. 

' Aatr. Nock. Nob. 8214, 3217 ; Asir. and Astroph, vol. ziii. p. 182. 
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with a great telescope, a truly amazing appearance. Two 
nuclei separately catalogued by Sir John Herschel are then 
seen to be connected by an exterior faint sweep from an 
inner system of wreathing nebulous bands. These, too, show 
nodosities and angularities,^ in obvious mutual relations, as 
if the knots, instead of simply forming upon the spires, had 
determined, or at least deflected their course. A still clearer 
knowledge of their arrangement was gained through a photo- 
graph taken by Dr. Eoberts with four hours' exposure, April 
28, 1889.^ The nebula displayed itself, no longer simply 
coiled like a watch-spring, but as composed of a pair of curving 
arms issuing from opposite extremities of an oval central body. 
One of these loses itself in a vague effusion, as a comet's tail 
dies out into darkness ; the other attains the secondary nucleus, 
and there terminates. The spiral character of this great vortex 
is perhaps rendered exceptionally conspicuous by its being 
more £Bivourably placed than most others for our inspection. 
We seem to get nearly a bird's-eye view of it, and are thus 
enabled to take in the design of its construction at a glance. 
Its spectrum is continuous. 

An object in Virgo 3' across (M 99) is a right-handed 
spiral Its branches turn the opposite way from those of 
M 51. Their tendency to form nodes and angles was strik- 
ingly shown in a photograph obtained in two hours, by M. 
von Gothard, April 12, 1888.' A diffuse nebulous mass in 
Triangulum (M 33), just discernible to the naked eye, appeared 
with the Bosse reflector in the guise of a '' large spiral, full of 
knots." ^ Since it measures 62' by 35^ its real size must 
be prodigious, and its structural details are of correspond- 
ing intricacy.^ Fundamentally, however, the nebula, like 
all other known members of its class, doubtless consists of a 
nucleus and two winding branches, the complex ramifications 
of which are of what may be called incidental origin. A 
photograph of it, taken by Dr. Max Wolf, September 26, 1902, 
is, with his kind permission, exhibited in Plate XIII., Fig. 2. 

Curved furrows of light and shade, concentrically disposed, 

1 Vogel, PublictUianen, No. 14, p. 82. 

' Celestial Photogretphe, vol. L p. 85. 

> Vogel, Aelr. Nach. No. 2864. * /%t/. Trans, vol. cU. p. 711. 

' Roberts, Celestial Photographs, yoI ii. p. 85. 
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are a BurpriBingly pereiBtent feature of the nebular multitude. 
Most of those photographed by Professor Keeler in 1899 dis- 
closed this species of conformation;^ and it is, as a role, 
prominently apparent in " spindle " nebnke despite extensive 
foreshortening. These are believed to be flat discs, seen more 
or less obliquely, and constituting, when their planes actually 
coincide with the line of sight, those elusive objects designated 
by Swift " hair-line " nebulae.^ Spiral proclivities appear, in 
fact, to characterise, in some degree, every form of cosmical 
agglomeration, and depend no doubt upon laws prescribed for 
their development foreign to terrestrial experience. 

The tendency of winding nebulous bands to become knotted 
often proceeds so tar that the knots all but completely absorb 
the bands.* Midtiple groups of nebulae then appear ranged 
along curved lines, the intermediate faint luminosity becoming 
perceptible only with large telescopic aperture& Such is the 
curious double nebula in Perseus (M 76), noticed by the pre- 
sent Lord Bosse, to constitute, with subordinate nodules and 
streamers, a system modelled on a "reaping-hook" pattern.'* 
A gaseous spectrum is derived from it. Similar combinations 
are met with in the southern constellation Mensa (N.G.G. 
2046), where five nebulae are disposed along an oval line, and 
in a " falcated " nebula with three knots situated in Oepheus 
(N.G.C. 7008). 

All the diversities of double stars, it was pointed out by 
Sir John Herschel,^ " have their counterparts in nebuke ; 
besides which, the varieties of form and gradation of light in 
the latter afford room for combinations peculiar to this class 
of objecta" Its members are surprisingly numerous, one in 
sixteen of the 5079 nebulae catalogued by Herschel in 1864 
having a companion, usually of the condensed spherical kind. 
Most of these compound objects are, nevertheless, photographi- 
cally resolvable into bi-nuclear spirals.^ Tet the possibility 
is not excluded that true binary nebulae may subsist, and 
eventually give signs of slow mutual revolution. 

A nebula in Ursa Major (N.G.C. 3690) divided by Swift 

» Asir. Nach, No. 8601. « Monthly Notices, vol. Ivui. p. 8S1. 

' Cf. a set of photographs by Dr. Roberts, I^nowledffe, yoL zx. p. 68. 

* Tra/ns. M. Dub, Soe, yoL iL p. 21. 
* OtUlifiM of Astr, p. 647. • AMtroph. Joum. vol. xL p. 847. 
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in 1885/ makes probably the closest pair known; and a 
curious reproduction, with greatly widened spatial intervals, 
of star systems like that of 7 Andromeda, occurs in a triple 
nebula in Virgo, consisting of a bright round nebula attended, 
at a distance of 6^ by an extremely faint one which is itself 
double^ (N.G.C. 5813-14). Another compound object of a 
striking character was noticed by Sir John Herschel ^ in Canes 
Venatici (N.G.C. 4631), where an enormously long ray of 
nebulosity has a round, dimly luminous companion, a tenth- 
magnitude star placed between serving perhaps as a centre of 
attraction for both. In other cases, the systemic association 
of individual stars and nebulse seems tolerably obvious. Merope 
in the Pleiades, as we have seen, claims the attendance of a 
hazy satellite ; and Dr. Swift observed at Echo Mountain an 
apparently quadruple star to be really composed of two pairs, 
4^' apeurt, each consisting of a star and nebula. 

A very close double nebula in Gemini (N.G.C. 2371-72) 
has also an intervening star symmetrically located in the line 
joining their centres.^ Cirrus - like streaks of nebulosity 
partially encircle the two objects. Duplicity is, in other 
cases, still less clearly defined. Thus, a pair of nebulae near 
7 Leonis (N.G.C. 3226-27) are together enclosed in a &int 
luminous envelope, the effect recalling that of the celebrated 
"Dumb-bell" nebula in Vulpecida (M 27),* which is only 
perceived to be essentially single when the "neck" uniting 
two conspicuous hazy masses is brought into view with a 
powerful telescope. Sir John Herschel first observed the 
elliptical outline of the entire to be rounded out by faint 
luminosity, and thus saw it in its true aspect as a large, 
diversified oval disc, measuring about 5' by 8'. It might 
indeed be called a magnified planetary nebula not devoid 
of annular inclinations. The eventuality that by the 
progress of the central contraction and marginal spreading 
indicated by its present hour-glass shape, the chief part 
of its mass may become diffused into a ring, is strongly 

^ Sid. Mess, vol. iv. p. 89. 

« D' Arrest, AUr. Nach. No. 1869. » i%iZ. Trans, vol. cxxiii. p. 481. 

* Lassell, Mnnoirs E, Astr. Soe, vol. zziiL p. 62 ; Lord Rosse, FhH. Trans, 
vol. ezl. p. 612. 

* D* Arrest, Ahhandlungen, Leipzig, 1867, p. 826. 
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Boggested by the analogy of the bright spots at either end of 
the minor axis of the ring-nebula in Lyra. A planetary in 
the southern hemisphere (N.G.C. 1365) appears, in fact, to 
have already reached a more advanced stage on the same road, 
and several "miniatures" of the "Dumb-bell" are included 
among that class of objects. One especially in Cygnus 
(N.G.C. 6905), depicted by Vogel with the Vienna 27-inch, 
easily gives an impression of actual duplicity,^ and showed at 
Parsonstown as a " beautiful little spiral" It has a central 
star and four " satellites." Its visual spectrum, like that of 
the Dumb-bell nebula, is approximately monochromatic. The 
leading nebular ray at 5007 concentrates neaiiy the whole of 
its light. 

A photograph of the Dumb-bell nebula, taken by Dr. 
Boberts with an exposure of three hours, October 3, 1888, 
intimates pretty clearly the advance towards completeness of 
the oval bright border of the disc,^ as well as its superposition 
upon a fainter, more elliptical one, visible as a kind of effusion 
at the extremities of its longest diameter. Vogel's drawing ' 
likewise suggests, though after a different fashion, the presence 
of two ellipses, one partially concealed behind the other ; and 
there hence seems reason to think that this singular formation 
partakes in more ways than one of the compound character 
evident in many planetary nebulae. Nor is it perhaps isolated 
in space. On Professor Schaeberle's plates it appeared as the 
bright central part of a right-handed vortex ; cosmical relations 
being thus ascribed to it no less extensive than those claimed, 
on similar evidence, for the spiral Bing in Lyra. 

^ PubliecUionen, Potsdam, No. 14, p. S6. 

* Kabourdin, Comptes lUndua, t, czzvL p. S80, commented on the analogy 
between the Dumb-bell and the Lyre nebalie rendered manifest by the Meadon 
photographs. 

* PubliccUumen, Ka 14, p. 36. 
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CHAPTER XX 

THS GBEAT KEBTTLufi 

Thb elliptical and irregular dassea of nebulsB are illustrated 
by such splendid examples, that an entire volume rather than 
a single chapter nught well be devoted to their consideration. 
One member especially of each towers above the rest, like 
Ajax among the Argive host, and the two are so different 
that it is not easy to award the palm of superiority to either. 
Needless to say that we allude to the objects in Andromeda 
and Orion, the types respectively of the elliptical and irregular 
plans of nebular construction. 

The former (M 31) is the only genuine nebula which 
could easily be detected, without previous knowledge of its 
existence, with the unaided eye, and it is the only one, accord- 
ingly, which was discovered in pre-telescopic times. Al StLfi 
was familiar with the " little cloud '' near the most northern 
of the three stars in the girdle of Andromeda ;^ and its place 
was marked on a star-map brought &om Holland to Paris 
by De Thou, and believed to date from the tenth century.* 
Simon Marius, who was the first to turn a telescope upon it, 
December 15, 1612, called it ''stellam quandam admirandse 
figursB," and compared its dull and pallid rays to those of a 
candle shining by night through a semi-transparent piece of 
horn. Tet this strange phenomenon was only rescued from 
neglect by Boulliaud, whose attention was directed to it by 
the passage of the comet of 1664 across that part of the sky. 
So surprising did the disregard of it by Hipparchus, Tycho, 

^ Solijelknip, DeteHpHoti dei Aoilu, p. 120. 
s Le Gentil, M^mmru cU VAwd. 1769, p. 469. 
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and Bayer then appear to him that he concluded it to vaiy 
in light, a hypothesis which deriyes no support from recent 
obeervations. 

With powerful light-concentration this " most magnificent 
object" (in Sir John Herschel's phrase) assumes vast pro- 
portiona They were extended by G. P. Bond, using the 
16-inch refractor of Harvard Ck>llege, to cover an area of 
4"" X 2^"", and he probably did not reach their absolute limits. 
Two adjacent nebula, one (M 32) described by Le Gentil in 

1749, the other (N.G.C. 
205) by Caroline Herschel 
in 1783, ''undoubtedly faU 
within their compass." ^ 
The light of this nebula 
is "of the most perfectly 
milky, absolutely irresolv- 
able kind.'*' It does not 
collect into " floccules," and 
produces none of the scintil- 
lating effect giving to many 
gaseous nebulae a delusive 
appearance of resolvability. 
From the circumference 
towards the centre, how- 
ever, it gradually brightens, then abruptly condenses to a 
small nucleus, of indistinct outline under high magnifying 
powers, and possibly (like the nuclei of many comets) granu- 
lated, but assuredly not stellar. 

This progressive brightening inward shows, nevertheless, 
interruptions. On September 14, 1847, Bond discerned two 
long dark rifts running nearly parallel to one another, and to 
the axis of the nebula.* Their detection was a consequence of 
the widened area of luminosity perceptible with his instrument, 
the inner rift having been taken, until then, for its boundary in 
that direction. The outlines of Bond's drawing are given in 
the accompanying diagram by Mr. Wesley (Fig. 32), in which 
the "rifts" are marked A and R C represents Le Gentil's 

» Bond, Mmurin Amer, Acad, vol iii p. 8S. 
J. Henchel, Memoin R. Adr. Soc toL ii. p. 4M. 
• Memoirs Amer. Aead. voL iiL p. 80. 




Fko. 8a.~8traetan-lliMi of the Orait NeboU in 
AndzomatU (KmowUdgt, toL zU. pw 7fiX 
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D MiBs Herschers attendant nebula, E an exceptionally lucent 
legion crowded (it has since been found) with hosts of minute 
stars.^ 

These enigmatical appeaiances at last assumed an intelli- 
gible fonn in a photograph 
taken by Dr. Eoberts, October 
1, 1888.^ The view given by 
this magnificent picture of 
the Andromeda nebula as a 
symmetrical, though still 
inchoate structure, ploughed 
up by tremendous, yet not 
undisciplined forces, working 
harmoniously towards the 
fulfilment of some majestic 
design of the Master Builder 
of the imiverse, is of a 
nature to modify profoundly 
our notions as to how such 
designs obtain their definitive 
embodiment An impression 
obtained three months later 
with four hours* exposure 
was carefully studied by Mr. 
Wesley ; and his tracing of the lines of conformation brought 
out on the sensitive plate is copied in Fig. 33. 

Bond's *' canals " are now seen prolonged and curved into 
two vast rings (AA and BB), which prove, on attentive con- 
sideration, to be dusky intervals separating the successive 
spires of a single great stream of nebulous matter, winding 
outward from near the primary to reach the secondary nucleus 
(M 32). The similarity of the relaliions between the two 
nuclei here, and in the *' whirlpool " nebula in Canes Venatici, 
can scarcely escape notice. Thousands of stars are scattered 
over and around the Andromeda nebula; the situation of 
which in a prolongation of the Milky Way perhaps sufEiciently 
explains their profusion. A beautiful photograph of it taken by 
Dr. Max Wolf, August 18, 1901, with the 16-inch Bruce lens, 

^ Banyard, Knowledge, voL xii. p. 76. 
* MonMy NoUcee, vol. xliz. pp. 66, 120. 




Fio. 88.— Spinl Stroetue of tbe Onat Audio- 
\ Nebula {KnawUdge, toL xU. p. 76). 
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is shown in Plate XIII., Fig. 1 ; and several striking pictures 
of the same marvellous object have been obtained hj Mr. 
Eitchey with a two-foot reflector of his own construction. 
Near the centre on the original n^^tives, he tells us/ '' sharply 
defined narrow rifts and dark holes " are distinguishable, aU 
traces of which evade direct telescopic observation. These 
peculiar effects of chiaroscuro are probably indicative of 
tumultuary local movements, but attempts to explain them in 
detail must long remain futila 

Opinions are divided as to the constitution of the Andro- 
meda nebula. Sir Norman Lockyer inferred it to be meteoric, 
compsuring its state to that of '* a comet within a month of 
perihelion."' Dr. Scheiner, on the other hand, r^ards it 
as virtually a cluster of sun -like stars.* A spectrographio 
impression, wrung from it by means of an exposure of 
7^ hours with a short-focus reflector in January 1899, seemed 
to him a faint replica of the solar spectrum, marked by 
the familiar dusky rulings, but by no bright line& Yet 
Sir William and Lady Huggins have more than once, 
observing the same spectrum visually, caught unequivocal 
traces of the admixture in it of emissive with absorptive 
elements.^ 

The real shape of the formation must be that of a disc, 
oval or round, but with a spherpidal mass both at the origin 
and extremity of the nebulous spires. Their convolutions, if 
actually circular, must lie in a plane inclined about 25** to the 
line of sight ; ^ but we can only estimate their extent in space 
by making a precarious assumption as to their remotenesa 
Taking the distance of the nebula, for instance, to be of 
sixty-five light years, that already attributed, for illustrative 
purposes, to the ckister in Hercules, we find its radius to 
measure 162,000 times the radius of the earth's orbit ; so that 
the firontier of this glimmering realm, as determined by Bond, 
is much more than half as remote from its centre as the 
nearest fixed star (a Gentauri) is from ourselves ! In travelling 
from end to end of it, light erpends nearly six years ; and if it 

^ Aitroph, Joumalf yoL ady. p. 228. 

* Observatory, yoI. xiL p. 98. ' Astr. Naeh. No. 8549. 

« Atlas of SUUar SpsOra, p. 126. 

* Scheiner, PhotographU dsr QsMms, p. 882. 
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Photographs of Si)iral NebiilsB. Hy Dr. Max Wolf. 
Fig. 1. Great NebuLa in Andromeda. Fig. 2. Spiral in Triangulum (M 33). 
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lie ohliqtiely towards us, then our view of the farther margin 
maj be of an earlier date than our view of the hither margin 
by a couple of years or more. Extensive changes within the 
nebula might then manifest themselves to us successively, 
although they had really occurred simultaneously ; while, con- 
versely, the coincidence in time of widespread variations would 
argue a position of the nebula nearly square to the line of 
sight That it is still in the plastic stage there can be little 
doubt; and the outbreak of the "new star" of 1885 has 
shown that the action of the powers engaged in moulding it to 
its predestined shape may occasionally be attended by a cata- 
strophic liberation of energy. 

Two adjacent nebuke in Leo, both enrolled by Messier, 
have finally quitted the ambiguous position long occupied by 
them. They are elliptical spirals, analogues of the colossal 
structure in Andromeda. Photographed by von Grothard in 
1888, the one (M 66) showed a bright centre with four 
appendages resembling the sails of a windmill; the other 
(M 66), a complex arrangement of envelopes partially sur- 
rounding a nucleus, somewhat like the paraboloidal veils flung 
round the head of a comet near perihelion. These, however, 
were incomplete view& On Dr. Boberts's plates,^ both objects 
took shape as ovoid formations composed of closely winding 
luminous coils, "thick inlaid," in the case of M 66, the chief 
of the pair, with nebulous condensations. 

Sir John Herschel frequently noticed an approach to 
annularity in the members of this class of nebuke, and added 
the remarkable comment that " as the condensation increases 
towards the middle the ellipticity of the strata diminishes." ' 
This, if verified, would imply their ovalness to be not a purely 
visual effect ; and the inference that the appearance of elonga- 
tion corresponds to its reality is supported by such critical 
circumstances as the situation of a pair of stars either at the 
fed of a nebulous ellipse (N.6.C. 6695), or at the extremities 
of its major axis (N.G.C. 6648). 

The longitudinal clefts often visible in ray-shaped nebulae 
corroborate this opinion. For otherwise, why should they run 
lengthwise rather than in any other direction ? If the bodies 

^ OeUsUal Photographs, toL ii. p. 76. 
* Cape Ob$$rwUions, p. 22. 
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they characterise were, in fact, circular discs, none of their 
physical features could have any relation to the appearance 
they happen to assume by projection. Such a relation is 
extremely conspicuous in an elliptical nebula in the 
Centaur (N.G.C. 5128), divided along its entire length by 
''a perfectly definite, straight cut, 40^^ broad." A delicate 
nebulous streak runs between, and parallel to the halves, 
which are sharply bounded on the sides feuding each other, but 
hazy on those averted. "The internal edges of this very 
problematic object," Sir John Herschel remarked, "have a 
gleaming light like the moonlight touching the outline in a 
transparency." ^ It is by no means a solitary example. A 
long, narrow nebula in Leo (N.G.C. 3628) is "split into two 
parallel rays." ' A black chasm, into which the nucleus pro- 
trudes, separates a lucid from a faint streak in Ck>ma Berenices * 
(N.G.C. 4565); and a nebula in Andromeda (N.G.C. 891), 
with " a chink in the middle and two stars," supposed by Sir 
John Herschel to be " a thin, flat ring, of enormous dimensions, 
seen very obliquely," and photographed under that aspect 
by Dr. Boberts in 1891,^ may really belong, as was indicated 
by the Parsonstown observations, to the numerous category 
of cloven rays. That their distinctive peculiarity depends 
upon some general constructive principle cannot readily be 
doubted, but we should vainly attempt to speculate upon its 
nature. 

No descriptive formula is wide enough to include all the 
capricious forms of " irr^ular " nebulse. In regarding these 
singular structures, we seem to see surges and spray-flakes of 
a nebulous ocean bewitched into sudden immobility ; or a rack 
of tempest-driven clouds hanging in the sky, momentarily 
awaiting the transforming violence of a &esh onset Some- 
times, continents of pale light are separated by narrow straits 
of comparative darkness ; elsewhere, obscure spaces are hemmed 
in by luminous inlets and channels. The "great looped 
nebula" (30 DoradfLs), one of the inmates of the greater 
Magellanic Cloud, resembles a strip of cellular tissue. It 
serves not to conceal, but to ornament in a wide, openwork 

^ Oap$ Observations, pp. 20, 105. 
• Trans. R. Duh. Soe. yoL U. p. 96. * Ibid. p. 118. 

« Cslutial Plwtografhs, yoL L p. 41. 
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Photograph of the Looped or ** Spider" Nebuln. 
Taken with the Victoria Telescope, Cape Observatorj% Jan. 29, 1903. 
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pattern the sky behind it, and was described by Sir John 
Herschel as ''an assemblage of loops/' the "complicated 
windings'' of which constitute it "one of the most extra- 
ordioary objects which the heavens present."^ It gives, 
nevertheless, a dense photographic imaga Plate XV. reproduces 
an admirable picture obtained in two hours at the Boyal 
Observatory, Cape of Good Hope, in which claws and tentacles 
of fedntly lucent stuff are seen to be thrown abroad in all 
directions from the main trunk, itself extensively riddled with 
dark spacea^ From the Arequipa plates P]x)fessor Pickering 
judged this object to be the core of a spiral,' probably embracing 
the whole contents of the Nubecula Major, and even to the eye 
it appears as in some sort their kernel The " looped nebula " 
may then very well be the hub of its own particular universe. 
Its spectrum is gaseous, but with an unusually strong inter- 
mixture of continuous light 

The efBlciency of the camera in disclosing the intricacies 
of nebular structure is vividly exemplified in Plate XIV., which 
exhibits, self-portrayed, one of the many celestial marvels 
gathered together in the constellation Cygnus. The object 
(N.G.G. 6992), though very imperfectly characterised to 
visual observation, is marked in our picture (the original of 
which was taken by Mr. W. R Wilson of Daramona, October 
7, 1899) by a surprising wealth of detail Its texture is 
perceived to be throughout delicately filamentous,^ the fila- 
ments being, as it were, drawn out in the same general 
direction; and the bright patches composing the nebula 
have besides, as Mr. Wilson noted, a parallel trend which 
coincides with that of the separate nebulous threads. A con- 
cordant play of forces is thus evidently brought to bear upon 
the entire formation, which, measuring from end to end 80^ 
of arc,^ must be of a vastness transcending imagination. 
There is, besides, some reason to believe it organically related 
to an undulated nebular mass in its immediate neighbourhood 
(N.G.G. 6990).« 

^ (7ap« Oburvaiiovu, p. 12. 
' Gore, Worlds of Space, p. 208. 

* ffarvard AnmdU, voL zxyi p. 206. 

^ See also Ritohey, Attrojii, Jowm, rol. zir. p. 228. 
* Roberts, Cel. Photographs, yoL it p. 145. 

* H. G. WUBon, Fop. Astr. Got. 1902. 
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Bat all other irregtdar nebulffi sink into insignifioanoe 
compared with that shown by an opera-glass as a silvery 
patch round one of the stars in Orion's sword. This extra- 
ordinary object (M 42) has been under effective observation 
for 250 years, and during the last eighty has been mono- 
graphed, mapped, measured, figured, and photographed with a 
diligence worthy of its pre-eminence. Hence, future changes 
in it, should they take place, must be slight indeed to escape 
detection. 

The multiple star Ononis might be called the foundation- 
stone of the edifica All the lines of its architecture are laid 
down with reference to it, and the intimate physical associa- 
tion of the stars with the gaseous stuff surrounding them, has 
been spectrographically demonstrated by Sir William and 
Lady Huggins, and amply ratified by Professors Frost and 
Adams. 

Surroimding the trapezium is the brightest part of the 
nebula, called, from its first delineator, the ''Huygenian 
region." Over this space, shaped like a right-angled triangle, 
the light is collected into '^ flooculent masses," which, with the 
best seeing, prove to be throughout of a "hairy" texture. 
The effect was compared by Sir John Herschel to the 
" breaking-up of a mackerel-sky, when the clouds of which it 
consists begin to assume a cirrous appearance," ^ and suggested 
to Mr. Lassell' ''large masses of cotton- wool packed one 
behind another, the edges pulled out so as to be very filmy.'' 
The "pea -green colour" of the whole object struck him 
forcibly, but is apparent to most observers as little more than 
a greenish tinge. 

Emanations (or what seem such) from the Huygenian 
core stretch away in wide curves to form the outlying portions 
of the nebula. One great effluence runs out into a " proboscis " 
attached to the upper jaw of the nondescript creature limned, 
in unearthly radiance, on the sky. Another, represent- 
ing the lower jaw, bounds on the northern side the chasm 
of the distended fauces (the "Sinus Magnus"), and is sub- 
sensibly connected — ^as if by a shoal leading to an island — 

1 MMwiirt JL A$tr. Soe. toI. ii p. 491 ; 0. Stone, Fubl Uamder JPOormiek 
Ob$0rvtUory, toL L pt. 7, p. 274. 
* Ibid, ToL zziii. p. 54. 



Digitized by CjOOQIC 



PLATE XIV. 




An Irregular Nebula iu Cygnus. Photographed by W. E. Wilson, F.R JS 
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with the ''nebula minima" (M 43), a rounded mass which 
" appears as if just drawing together into a star." ^ Behind, 
and between the two, misty effosions spread &t afield; 
resolved by G. P. Bond into an intricate fabric of convoluted 
aiid branching filaments, the brighter region from which they 
spring displaying a similar, but more compact mode of aggre- 
gation. '' It is now impossible," he wrote after a particularly 
fine view of the nebula, on February 26, 1861, "to see it in 
any other aspect than as a maze of radiating, spiral-like 
wreaths of nebulosity, or filamentous tentacles, the centre of 
the vortex being about the trapezium." ^ And to Mr. Safford, 
using the then recently constructed 18^-inch Clark equatoreal, 
it appeared as " an assemblage of curved wisps of luminous 
matter, which, branching outward from a common origin in 
the bright masses in the vicinity of the trapezium, sweep 
towards a southerly direction, on either side of an axis passing 
through the apex of the Begio Huygeniana." ' 

The application of photography to this amazing object 
has not only supplied records of its actual condition in- 
definitely more authentic than any producible by the human 
hand, but has served to combine the peculiarities of its con- 
formation into a strikingly suggestive whola The outcome 
can best be appreciated by reference to Fig. 34, exhibiting an 
" index diagram " prepared by Messr& Banyard and Wesley 
from several negatives procured by Dr. Boberts with varied 
expo6ure& Two points are made perfectly clear by it. First, 
that the whole fabric of the nebula is concave towards an 
axis " passing through the trapezium in a north-easterly and 
south-westerly direction." * Next, that the effluences from the 
trapezium have a predominant tendency to assume ramified, 
or tree-like forms. Thus the seemingly eruptive jet marked 
with the letter b mimics the shape of a stone-pine, and bears 
a less equivoc€kl resemblance to the '' stemmed " type of solar 
prominences, as well as to certain arboreal structures visible 
in some photographs of the solar corona. The latter analogy 
is rendered still more apparent by comparing the vast nebulous 
out^growths, e and h, with the group of coronal rays repre- 

^ J. Henehel, MeTnoirs J2. Astr. 8oc toL ii. p. 495. 

* Harvard Annals, vol. y. p. 168. ' Ihid. p. 169. 

^ Ranjard, KfunoUdg^, toL zii p. 147. 
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sented in Fig. 35. The same kind of stractmes seem, in both 
cases, at once to spring upward and to curve inward, as if 
under the influence of a two-fold action— -outward from a 
centre, and inward towards an axi& This organic similarity 
— first detected by Mr. Banyard — ^between the Orion nebula 
and the luminous appendages of the sun, is borne out by the 
resemblance to spun glass of their minute texture. 

The limits of the great ''sword-handle" nebula are con- 




,xiu:v:-:^' ,y7 



Fio. 84.— Indaiz Diagnm to StractorM photogrsphed In the Orion Nebola , 
(f nowMtfi, ToL zii. p. 146). 

tinually being pushed further back, and there is no reason to 
believe the process nearly terminated. On Mr. Boberts's 
plates,^ first the "nebula minima" was joined on to the main 
body, then, with lengthened exposures, a cloudy mass to the 
north (N.G.C. 1977) was reduced to its true position .of an 
ofiGset, by which the forms of the parent-body are pretty 
closely counterfeited.^ But even the combined object is far 

1 UowUdy Noticu, toL xlix. p. 296. 
* Bftnyud, lot. eU. p. 148. 
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from^representing the nebulous contents of this part of the sky. 
Over an area of 150 square degrees, in which it is' nearly 
central, twelve new nebuke were photographed at Harvard 
College in the spring of 1888, and indications were obtained 
that Sir William Herschel's surmise^ of the union into 
one immense stratum many degrees in length of the " great " 
nebula with others lying north and south of it, might 
be verified in the immediate future.' It was soon after- 
wards more than verified. On January 14, 1890, Professor 
W. H. Pickering exposed a plate during 6^ 22"* at the 




Fio. 85.— Qnmp of Corooal Stractuzw (W. H. WMlej, Knowledge, vol. xU. p. 147)l 

summit of Mount Wilson, California, with a 2^-inch portrait- 
len& A singular disclosure resulted.' A great ''snake" of 
dif^ise nebulosity (as Professor Wolf has since called it), 
issuing from the trapezium, was perceived to enclose the whole 
central part of the constellation with dim folds 15 degrees in 
diameter. Cosmical vortices on this gigantesque scale are 
beginning to appear less rare phenomena than the strangeness of 
their aspect and implications might have led us to anticipate. 
They are discoverable only by means of short-focus photo- 
graphy. 

In the Orion nebula we perhaps see an undeveloped 

1 Phil, Tram. toI. Ixzix. p. 249. 
* Harvard Annals, toL ZYiii. p. 117. * Ibid. toL xxzii. p. 80. 
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cluster on the model of the Pleiades. Nearly a thousand staiB 
were catalogued by Bond in the portion of it (3*36 aquaie 
degrees in area) examined by him, and his list proves to be far 
from exhaustive.^ Many of them should, indeed, in Professor 
Holden's opinion ' be accounted rather as nebular condensa- 
tions than as true stars ; but that they will eventually grow 
to be such, as they slowly absorb the nebulous material now 
enshrouding them, is a justifiable conjecture. The same pro- 
cess appears already far advanced in the Pleiades, widi the 
result that the steUar now altogether predominates over the 
nebular element in the compound system. It may not have 
been always so. The balance inclined perhaps, in the remote 
past, as decisively the other way as it now does in the Orion 
nebula. The variability of nearly a hundred of its involved 
stars is an additional feature of resemblance to compressed 
clusters. Noted in a few cases by Dr. Boberts in 1890,* it 
was rendered astomshingly prominent in 1904, by Miss 
Leavitt's comparisons of records stored in the Harvard photo- 
graphic archives.^ The discovery gains added significance 
from the fact that many, or most of the twinkUng crowd 
thus brought into evidence belong to the cluster-type of 
variables.* 

It is not easy, Sir John Herschel tells us, " for language 
to convey a full impression of the beauty and sublimity of 
the spectacle offered by the Argo nebula, when viewed in a 
sweep, ushered in as it is by so glorious and innumerable a 
procession of stars, to which it forms a sort of climax."* 
"Situated in one of those rich and brilliant masses, a suc- 
cession of which, curiously contrasted with dark adjacent 
spaces, constitute the Milky Way between Centaur and Argo," 
its branches with their included vacuities cover more than a 
square degree, and are strewn by above twelve hundred stara 
These, unlike the components of the trapezium-cluster, show 
no general tendency to vary in light. The peculiarity from 
which the Argo formation derives its current title of the 

* Parkhunt, Agtr&ph. Joum. toL xx. p. 186. 

• WaahingUm ObsenxUions, 1878, App, L p. 221. 

s Monthly Notices, vol. 1. p. 816. 

* Aitr. Ndeh. No. 8960 ; Harvard Circulars, Nob. 78, 79, 86. 

■ J. S. Hogen, Astroph. Joum, toL xix. p. 844. 

' Cape Obtervationa, p. 88. 
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Photograph of the Key-Hole Nebula. 
Taken with the Bruce 24-inch Refractor at Arequipa. 
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''key-hole" nebula, is a large lemniacate-shaped opening in 
the central and brightest part, the blackness of which is 
qualified only by the veiling of one corner by a strip of thin 
nebulous haze. Four stars are placed precisely at the edges, 
none perceptible to the eye within the vacuity; and the 
fEunous variable 17 Carinse, lies close to its eastern border. Such 
was the brilliancy of the star in 1838 that it almost obliterated 
the "key-hole," now, and previously to the outburst, the 
individualising feature of what would otherwise seem a chaotic 
sea of luminous billows. Duplication emphasises the meaning 
with which it is fraught. A second oval aperture, completely 
dark, but for the faint sparkle of four minute stars, occurs in the 
southern, sparser part of the nebula. It might be compared 
to the echo of a catch-phrase. Plate XYII. reproduces a photo* 
graph of this nebula, taken by Professor Bailey at Arequipa, 
June 1, 1896, with an exposure of four hours. The light 
and shade being reversed, the most intensely actinic parts of 
the portrayed object are printed black, while its vacuities are 
left white. Thus, the ''key-hole" appears as a crooked, 
shadowless aperture in the most strongly luminous section of 
the inchoate structure, which is rendered in a manner bifid 
by a vast dusky channel running from south-east to north* 
west between two nebulous continents. The second " key- 
hole," which is larger than the first, and has some similarity 
to a kidney-bean, lies far to the south, in an outlying effusion. 
A very peculiar gaseous nebula in Sobieski's Shield (M 17) 
has revealed itself piecemeal. Messier, first of all, noticed, in 
1764, a spindle-shaped, starless ray, about 6' in length. Sir 
William Herschel added an arch springing from its western 
extremity, and the combined object became known as the 
" Horseshoe " or " Omega " nebula, its form resembling that of 
the Greek capital letter O, with the left-hand base-line turned 
up obliquely.^ Again, it suggested a " Swan " to observers 
whose instruments were inadequate to show the complete 
arch, and Flammarion compared it to a smoke-drift, fantastic- 
ally wreathed by the wind. In the dear air of the Cape, Sir 
John Herschel detected a second very faint "horse-shoe," 
attached to the opposite end of Messier's streak from the first,* 

^ J. Henohel, PML Trans, rol, cxxiiL p. 401. 
' Oaf Ob$enaUon$, p. 10. 
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and this new member seems to have been independently re- 
discovered by Swift, July 4, 1883.^ A photc^aph of the 
Omega nebula, obtained by Dr. Boberts in 1893, exhibits 
Messier's ray as the axis of an oval mass covering an area 18' 
by 12';' but the intimate secret of its organisation has still 
to be penetrated. It is indeed situated too far to the south 
to be usefully investigated in these latitudes. 

The " America " nebula is apparent only to the chemical 
retina. Some indications of its existence were caught by the 
elder Herschel; but its virtual discovery was made photo- 
graphically by Dr. Max Wol£ On a plate exposed December 
12, 1890, the vast object portrayed in Plate XVIIL emerged for 
the first time into full view, and received a name descriptive 
of its striking resemblance in shape to the continent of North 
America. Among the features attracting attention on our 
plate are a small, intensely black hole piercing the neck of 
light that corresponds to the Isthmus of Panama, and a 
nebulous star, like an island in the Atlantic Ocean off the 
coast of New Jersey. This is 57 Cygni, lately found to be a 
spectroscopic binary in swift circulation round an obscure 
companion.* It yields a helium spectrum in correspondence 
with its nebulous relationshipa 

No logical distinction can be established between irregular 
nebulffi and those indefinite tracts of milky radiance termed 
by the elder Herschel " diffused nebulosities." The total area 
of fifty-two separate tracts perceived to be thus phosphorescent, 
was estimated by him at 152 square degrees, and he added 
the judicious remark that *' the abundance of nebulous matter 
difiiised through such an expansion of the heavens must 
exceed aU imagination." ^ The few visual observations subse- 
quently made of these regions^ intimate irregularities in their 
illumination doubtless dependent upon the slow advance of 
cosmic processes of large scope. Their investigation, how- 
ever, is properly the task of the camera. Already, some of 
Herschel's '* affected " regions have been proved, by the photo- 

1 8ider6dl Mei$enff$r, toL W. p. 88. * CM, Fhoiographi, roL i. p. 101. 

' Frost and Adams, Astroph, Joum, toL xtu. p. 881. 

* Phil. TrwM, voL ci. p. 277. 

* Dreyer, F. J. S. Att^r. Gu. Jahrg. zzii. p. 62 ; Littrow, St«mgruppen wnd 
NtMmfUim, p. 29 ; Texnpel, Agtr. Naek. Ko. 2611. 
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The America Nebula. 
Photographed by Dr. Max Wolf, July 12-13 {Kiimcled<je, vol. xxv. p. 156). 
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graphs of Barnard/ Boberts,' and Wolf,* to include strongly 
developed nebulous formations ; the condition of the rest has 
still to be ascertained. Prolonged exposures with appropriate 
instruments will be needed to determine it satisfactorily. 

^ Attrofh. Jown^ toL zyii* pw 77. 
• Monthly NUiees, yoL IxiiL p. 26. > Ibid. p. 808. 
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CHAPTER XXI 

THE NATT7BB AND CHANGES OF NEBULiB 

SPECX7LATI0NS 88 to an identity of nature between nebuke 
and comets are no novelty; they presented themselves, as 
they could hardly fiEul to do, to the mind of Sir William 
Herschel,^ and Sir Norman Lockyer sought to provide them 
with an experimental basis by his researches on meteorites in 
1888-89.' The results were scarcely encouraging. Indeed, the 
two classes of bodies have spectroscopically little in common. 
No gaseous nebula gives a trace of the carbon-bands chaiacter- 
istic of comets ; while the bright lines derived from nebulas 
are absent from most comets certainly, from all probably. 
Yet a physical analogy subsists, and is evidently charged with 
meaning. 

Both comets and nebulae consist of enormous volumes of 
gaseous material, controlled by nuclear condensations, whether 
of the same or of a different nature in the two genera we need 
not now stop to inquire. Both, there is the strongest reason 
to believe, shine through the effects of electrical excitement. 
In both, there are manifest signs of the working of reptdsive, 
as well as of attractive agencies. 

A telescopic comet is indistinguishable except by its 
motion from the ordinary, centrally condensed, round nebula, 
which is itself indistinguishable from an exceedingly remote 
globular cluster. Superficial likenesses do not, it is true, 
count for much ; one object may counterfeit another without 
bearing any true relationship to it. What it is really im- 
portant to note is the structural resemblance of nebulae to 
comets. The parts of a comet become differentiated exclusively 

1 PhU. Tram. toL cL p. 806. * The Msteoritie Bypoth«$i$, p. 28S. 
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under solar influence. Hence their synunetrical arrangement, 
as regards an axis passing through the sun, is modified only 
by the orbital displacement of the body to which they belong, 
and fix)m which they emanate. It is extremely curious to 
find that, notwithstanding the absence of these conditions, the 
features of certain nebuks are impressed with a corresponding, 
though different kind of polarity. Definitely directed outflows 
(or what seem to be such) are in them of frequent occurrence. 

From many of these objects, as firom many comets, only a 
single stream of effusion is manifest ; and we then get " stars 
with tails," which might well pass for miniatures of the 
bearded travellers through our constellations. These effusions 
are, in some cases, bounded by straight lines ; they are fan- 
shaped ; in others, they are curved, often so strongly that the 
"brush" is bent into a "coiL" Such differences may be 
plausibly associated with the varied conditions of axial 
rotation in the star-like nucleus. Where there is none, the 
issuing matter naturally proceeds straight outward; its 
curvature depends upon its being left continually further 
behind in the widening circles reached by it as it ascends 
from an advancing point of efiELux. 

It is easy to see that this process, if carried fiEur enough, 
will result in the production of a heUcoidal nebula. Fully 
developed spirals are, however, constructed on a less simple 
principle. Their convolutions are duplex. Two opposing 
branches combine to form them. That these branches 
represent intakes of matter from space is hardly a tenable 
opinion. It has, in fact, been virtually abandoned owing to 
its inconsistency alike with the design and the details of the 
objects under consideration. The conviction is now dominant 
that they originated through some kind of repukive action. 
Professor T. C. Chamberlin regards them as products of 
catastrophic disruption. Each is the wreck of a sun-like body, 
dispersed through the tidal influence of some similar orb to 
which it made a fatally close approach.^ They illustrate, 
accordingly, " the effects of explosive projection combined with 
concurrent rotation." M. Deslandres adverts to the corre- 
spondence between the diametral wings of the solar corona 
and the opposed arms of a spiral nebula, the ramifications of 
^ AsCrcph. Joum, voL ziv. p. 84. 

iS 
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which he holds to be explicable on Br^dikhine's theory of 
multiple cometary taiLa ; ^ while Mr. W. E. Wilson was struck 
with the '* cometary tails, curved like plumes away from the 
central nucleus/' attached to the nodosities bestrewing his 
photograph of the Whirlpool in the Hunting Dogs.* 

With very rare exceptions, nebulaB are seen by us, not in 
plan, but in perspectiva " The only thing," Professor Holdea 
wrote in 1889,' "we really know about the form of a nebula, 
in general, is that it is projected into a certain shape. The 
problem is to find the true curves in space, knowing only the 
projected curves." His efforts to solve this arduous problem by 
actual trials with helices of wire projected in all imaginable 
varieties of position, met with a certain measure of success. 
The "type-curve" at which he finally arrived, though not 
perhaps really conformed to in nature, served, at any rate, 
usefully to define ideas regarding " the actual situation of ttie 
different branches of a nebula in space of three dimensions." 

NebulaB of the spiral and " brush " kinds, are not the only 
ones exhibiting cometary relationships. A characteristic 
feature of nebulous trains and " wings," exemplified both in 
the Orion and Pleiades formations, is their vague diffusion on 
one side, but sharp termination on the other, just as in the 
luminous vanes appended to the heads of cometa The con- 
tinued ejection of matter against a counter-current of force by 
which it is unceasingly driven backward, seems indicated in 
both cases. 

Planetary nebulse, too, imitate, in a fashion of their own, 
the heads of comets under energetic solar action. Their 
multiple discs correspond most strikingly to the multiple 
envelopes of comets, and intimate a similar origin through 
interior expansive or repulsive agencies. Only that in the 
absence of the directive power of the sun, the waves of ema- 
nation spread equally in all directions, producing successive 
approximately globular, instead of parabolic surfaces. Under 
the combined influences of rotation and contraction, such 
shells might be expected eventually to subside into rings ;^ 

^ Comptes Bendtu, Jane 23, 1902. 

' Astr. JSesearehes <U Daramona, 

• PubliecUions Astr, Soe, of the Pacific^ voL i. p. 26. 

^ Roche, UifMitf de VAead, des Sciences, Montpellier, t ▼iii. p. 244. 
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but it would be rash to affirm that annular nebulfie, in point 
of fact, acquired in this way their present aspect. 

No visible signs of movement have, up to this, been 
derived from nebul^a. In the ordinary sense they appear 
absolutely stationary. Accurate observations of them are, 
indeed, comparatively recent ; they go back, nevertheless, fiEur 
enough to justify the statement that not one eimong about 
four hundred well-determined nebulsB becomes progressively 
displaced by so much as one second of arc yearly. The 
nebulad in the Pleiades ought perhaps to rank as exceptions to 
this general immobility, since we need no direct proof to 
assure us that they drift with the cluster of which they form 
an integral part. The drift, to be sure, is slow ; but it is 
securely ascertained, and affords grounds for the sole estimate, 
that is not mere guess-work, of the distance of a nebulous 
system.^ The apparent indifference of ail other nebulsB to 
the perspective effects of the sun's swift advance through 
space leaves little probability that any of them lie as near 
to us as the nearer stars ; and the probability is raised almost 
to certainty by the spectroscopic discovery that many of them 
are animated by rapid individual movementa 

Thirteen planetary nebulsd measured by Professor Keeler 
in 1890,* proved to have an average radial velocity of 17 
miles a second. The swiftest among them is the helical 
structure in Draco, which shows an advancing speed of 
40 miles a second; the "Saturn" planetary in Aquarius 
also approaches the sun, though somewhat more slowly ; while 
a stellar nebula in Aquila (N.G.C. 6790) increases its distance 
by 30 miles a second, or by ten times the earth's orbital 
radius in each year. As regards motion, then, no distinction 
can be drawn between stars and this kind of nebulae. The 
irregular class has been investigated for spectral displacements 
only in its leading representative ; and the concordant results 
of several inquirers prove the Orion formation to be in course 
of withdrawal from the earth at the rate of about 1 1 miles a 
second.' But, since this velocity must be largely, if not 
wholly, an effect of the sun's translation through space, the 

^ See cmU, p. 106. 

* JUck PublieationSf toL iii. pp. 217, 228. 

* Frost and Adams, AstropK Jowr%, yoL xix. p. 854. 
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nebula may in hct be almost at rest in the steUar system. 
Indications of possible movements within it were derived by 
Dr. Yogel in 1902 from spectrograms of its various parts ;^ 
and the clue will perhaps eventually be followed up to a definite 
issue. But no nebula has yet been proved, by line of sight 
measures, to rotate on an axis. Nor are double nebulse 
perceptibly circulating. The systems they presumably con- 
stitute remain rigidly fixed. The contrary has often been 
asserted ; yet revolutions, alleged on the strength of inexact 
observations, and brought to a standstill by precise ones, 
must plainly be dismissed as illusory ; " unless," as Br. Dreyer 
says,^ " we are to believe that nebulsB in the good old days 
moved about as they liked, but have been on their good 
behaviour since 1861 and kept quiet." The existence, 
frequently observed, of a nebulous connection between grouped 
objects, intimates a state of things hardly compatible with 
mutual circulation. The relations of these imperfectly 
separated individuals are perhaps in a state of transition, like 
those of multiple cometary masses, at times enclosed together 
like double nebulae, in a dimly luminous sheath. 

The idea of the accompaniment of planetary nebuIsB by 
satellites, was suggested to Sir John Herschel by the frequent 
and close proximity to such objects of minute stars,' and he 
recommended their careful micrometrical measurement as a 
criterion of possible future changea But d'Arrest found the 
attendant stars just in the positions Herschel had assigned to 
them,^ and only one case of suspected displacement has since 
attracted serious attention. Professor Barnard noticed a minute 
discrepancy between his measures in 1899 of a twelfth- 
magnitude star closely following the ring nebula in Lyra 
and those made by Burnham eight years previously.^ He 
inclined, nevertheless, to attribute the alteration (if real) to a 
shifting of the point of reference rather than to movement in 
the star. Now the point of reference having been the nebular 
nucleus, the verification of his surmise would involve the 
detection of proper motion in a class of objects heretofore 

1 SitafungshericfUe, Berlin, March 18, 1902. 

« Monthly Notices, vol. xlvii. p. 418. • FhiL Trafu, voL czxiu. p. 500. 

* Leipzig Abhandlungen, Bd. iu. p. 808. 

* Monthly Notices, vol. Ix. p. 245 ; of. Leavenworth, ibid. vol. Izi p. 25. 
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imperturbably fixed. The lapse of a very few years will 
render practicable the decision of this interesting question. 

Variability in light is a quality of nebulae as surely as of 
stars, although the cases are rare in which it can be established 
with certainty. Nebulae are peculiarly sensitive to atmo- 
spheric influencea Their finer details, always hovering on the 
verge of visibility, are completely shrouded by the lightest 
mist. Hence, even to the same eye, and with the same instru- 
ment, the aspect of the same nebula often varies greatly from 
night to night, and since personality is nowhere stronger than 
in the perception of the delicate luminous gradations delineat- 
ing to our sight the forms of nebulse, a difference of observers 
adds a further incalculable element of uncertainty. Bumours 
of change then easily arise, but are with difficulty sub- 
stantiated 

Theystart,neverthele8S,from a presumption not unwarranted 
by facta The occurrence of luminous fluctuations in nebulsB 
has been proved by the complete extinction of one, and the 
fading to evanescence of a second in the same vicinity. On 
October 11, 1852, Mr. Hind discovered, near the group of the 
Hyades in Taurus, a small round nebula (N.G.C. 1556) with 
slight central condensation. It was then very faint, but 
brightened steadily until 1856, when d'Arrest ranked it as 
belonging to the first, although verging towards the second 
class of brilliancy.^ His amazement then was extreme to 
find on October 3, 1861, its place apparently vacant! Some 
glimmer of its light was indeed made out for a year or two 
longer with the Pulkowa 15-inch refractor; but that too 
waned, and the object remained invisible for above a 
quarter of a century. Then, in 1890, it was just barely 
descried by Professor Barnard with the 36-inch Lick telescope; 
and even that superb instrument failed to show it in September 
1895. In 1897 it was not to be seen on any terms; in 1898, 
it barely stained the field of the 40 -inch Yerkes refractor; 
but Professor Keeler managed in 1899 to secure impressions 
of its somewhat complex form on long -exposed Croesley 
plates.^ The apparition, so far as can be judged, was a 
strictly temporary one. Hind's notice probably did not 

^ AOflT. Na4ik, Nos. 1866, 1689 ; Anwen, ibid. No. 1891. 
' ProbUfM in AstrophytieSy p. 528 (Gierke). 
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lag far behind its first perceptibility with moderate instni- 
ment& 

A curious feature of the occurrence was the sympathetic, 
or at any rate simultaneous, decay in light of a small star — 
siiice known as " T Tauri " — ^placed aknost in contact with the 
nebula. The star, however, recovered in 1868 about the same 
time that a second new nebula (N.G.C. 1554) came into view. 
First discerned by 0. Struve, it was observed by d'Arrest, who 
was fully convinced of its novelty, and his opinion was borne 
out by its subsequent total disappearance.^ 

The light-changes of nebulas do not offer the same diversity 
as those of stars. Only two kinds of variability — those 
producing respectively ephemeral appearances and capriciouB 
brightenings and fadings — ^are represented among them. No 
periodical nebula have yet been shown to exist. The influences, 
of whatever nature, bringing about the rhythmical pulsations 
of stellar light, would seem to be absent from the nebular 
kingdom. A distinction, however, peculiar to themselves, can 
be established among variable nebulse. Their fluctuations 
may be either general or partiaL They may affect the whole 
of a moderately compact object, or certain sections of an 
extensive formation. Examples of both kinds, and of all 
degrees of authenticity, abound ; but we will only mention a 
very few, in which the reality of change seems scarcely 
disputable. 

One such is afforded by an eUiptical nebula in Leo (N.G.C. 
3666), "very bright" when discovered by the elder Herschel 
in 1784, but noted by his son as abnormally faint for the 
first class. Subsequently observed alternations have made it 
all but certain that the discrepancy indicated genuine change.' 
A nebula in Cetus, too (N.G.C. 955), is evidently subject to 
similar vicissitudea Schonfeld in 1861, and Vogel in 1865, 
failed to see it, although it was, at sundry other epochs, easily 
visible to the former observer, as well as to d' Arrest and 
Winnecke, and fully justified in 1887, Dr. Dreyer considered, 
Herschel's ascription of it to the second order of brightoess.' 

^ Dreyer, Memoirs J2. Astr, Soc toL zlix. p. 214. 

* Winnecke, Astr, Na>eh, No. 2293 ; Dreyer, Memoirs i2. As^. Soc toL xlix. 
p. 218. 

* Winneoke, Monthly Notices, toL xxxviii. p. 104 ; Dreyer, loe. cU. p. 213. 
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Bomham found it without difficultj in 1891, and attributes 
its occasional evasiveness to ''unfavourable atmospheric con- 
ditions."^ Yet they seem hardly adequate to explain the 
marked anomalies of its record. 

Intrinsic change indubitably affects a small nebula 
attached in fan-shape to the variable star B Coronse AustraUs. 
Suspected by Schmidt in 1865, it has been rendered patent 
by Mr. Innes's observations.* When further materials are 
available it will be of great interest to determine the relations 
in light-change of these dissimilar, though associated objects. 

Again, one of a group of nebulse in Virgo, observed by 
Schmidt at Athens in 1862 (N.6.C. 5655), could not be found 
by d'Arrest in 1865, two minute stars appearing as its loewn 
tenentes? If, as seems probable, the identical object was 
inserted by Herschel, from an observation of December 28, 
1785, as No. 498 of his second class, its re-emergence to view 
may at any time be looked for. The collection to which it 
belongs, were judged by d'Arrest (no doubt rightly) to be the 
brightest "knots" of a wide - spreading nebulous structure 
(M 49). The variability of one of them approximates to 
the local changes of irregular nebulsB, exemplified with most 
certainty in the virtual eflfacement of the " swan " section of 
the formation in Argo. Prominent in Sir John Herschers 
drawing, it was missed visually by Mr. H. C. Bussell in 1871, 
and is very feebly represented in the best modem photographs. 
A bare mottling of the lacuna to the south-east of the " key- 
hole " in Plate XVII. now marks the place where the nebulous 
" swan " formerly paraded its radiant plumage. 

No change so striking has, within two centuries, occurred 
in the Orion nebula. Its organisation appears, on the whole, 
to be wonderfully stable ; for certain alleged light-fluctuations 
of a partial kind ^ have not been thoroughly substantiated.^ 
Those believed to affect the Omega and Trifid nebulsB, seem to 
have resulted in a modification of what we may call coast-lines, 

^ Lick Publications, vol. iL p. 172. 

* Annals Cape Observatory, yol. iz. p. 184 B. 

* D'Axrest, Astr. Nach. No. 1620. 

^ O. StniTe, r. J. S. Astr, Ges. Jahrg. xiz. p. 86 ; MHanges Math, t ii. p. 
530 ; d' Arrest, Astr. Nach. Ko. 1868 ; Holden, fFash. ObservaHons, 1878, 
App. i. pp. 121, 226. 

* O. Stone, FubL Leander ITCormiek Observ. vol. i. PUte VII. p. 274. 
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here advancing, there encroached upon by the sea of darkneiw 
which Buirounds them. In the latter object, a singular 
apparent alteration in the relative places of the multiple star 
and the nebulous masses involving it, is perhaps due to this 
instability of outlines. Sir John Herschel in 1827 and 1833 
described the star as located " exactly in the central vacuity " 
of the nebula, and just at the point of convergence of the 
three rifts dividing it throughout^ But a drawing made 
by him at the Cape in August 1835 exhibits the star, no 
longer as central, but as adhering to the eastern mass of 
nebulosity. A similar state of things was noted by Mason 
and Smith in 1839,^ and subsists so obviously at the present 
time, as to render a mistake about it inconceivable. The 
implied change, however, must have taken place abruptly, 
between 1833 and 1835, and then ceased; so that proper 
motion, either of the star or nebula, had certainly nothing to 
do with it.' There seems no alternative but to admit that 
the frontier-lines between luminosity and obscurity were, at 
the epoch in question, very considerably " rectified.'' 

Speculation regarding the nature of white nebulae must 
be left in abeyance until their spectra have been satisfactorily 
investigated; but there is a consensus of opinion that those 
showing a discontinuous radiance are luminous through 
electrical excitement The fact of their incomparable tenuity 
was established by Mr. Banyard in 1892, on the ground of 
their ineffectiveness in imparting motion to bodies in their 
vicinity; and highly rarefied gases in space cannot be hot 
GkLseous nebulsd are, in fact, reasonably believed to be at a 
temperature not much above absolute zero. They are not, 
then, incandescent, but rather "luminescent"; their light is 
independent of thermal conditions. The phosphorescence 
produced in a Crookes's vacuum-tube exemplifies, according to 
M. Deslandres, their mode of illumination.^ Cathode-rays 
emanating &om central condensations set their materials aglow. 
M. Arrhenius, on the other hand, derives from exterior 

^ Memoirs B. Astr. Soe, toL iiL p. 68 ; PAO. Trans. yoL cxziii pu 460 ; 
Holden, Amer, Joum* of Scienee, toL xiv. p. 484 (1877). 
* Trans, Amsr, Phil, Soe. vol. viL p. 176. 
» Dreyer, Monthly Notices, voL xlnL p. 419. 
^ Comptes Bendus, Hfty 20, June 28, 1002. 
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agencies the light -stimulus acting upon them. There are 
many indications, he tells us/ that space is pervaded by 
negatively charged particles expelled with enormous velocity 
by the stars. These being absorbed by nebulsB, occasion 
electrical discharges through the gaseous volumes composing 
them, their frigid condition notwithstanding; and Professor 
Dewar's experiments assure us that excessive cold is no bar 
to light-emission. Moreover, none that is truly continuous 
seems to be included in nebular radiations. What passed 
for such has been analysed by Mr. Palmer into ranges of 
faint, superposed bright lines.^ Associated stars, however, 
yield genuine stellar spectra, and have perhaps taken an 
active part in the weaving of the textures they begem. The 
unmistakable analogy, at any rate, between solar-coronal and 
cometary forms on the one side, 8uid nebular forms on the 
other, indicates for all a kindred origin in the play of 
opposing forces, generated by certain foci of condensation, one 
of which is our sun, while the others can be safely designated 
only as nuclear points. Where there is only one such nucleus, 
the enveloping gases assume a simple globular or oval shape ; 
where there are many, the result is exceedingly complex. 
Irregular nebulse are thus most likely potential star-clusters ; 
they consist of a stellar framework, draped with nebulous 
folds, spirals, and festoons, disposed along lines of force laid 
down by the rival or concurrent energies of the compact 
masses which it is permissible to regard as inchoate sun& 

^ JMrhueh d$r KosnUkhen Fhynk, Bd. L p. 48. 

* Lick BulUtin, Ko. 85. Inequalities of the kind were long ago suspected 
by Sir William and Lady Huggina. 
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CHAPTEB XXII 

THS DISTli^CES OF THE STABS 

The most arduous among the problems of stellar astronomy 
was, singularly enough, the first to be attacked. It was 
attacked, indeed, before the possibility was even remotely dis- 
cerned that stellar astronomy might come to be regarded as a 
substantive branch of science. In the hope, not of penetrating 
the inscrutable secrets of the remote sphere of the fixed stars, 
but of solving doubts about the motion of the earth, Copemicus, 
Tycho, and Gralileo led the way in the long series of experi- 
ments on the apparent displacements of the stars resulting 
from our own annual travelling round the sun. The interest 
of the question whether such displacements existed or not, was 
for them of a wholly "parochial" kind; it lay in the test 
they afforded as to the reality of the terrestrial revolutions. 
Should the stars be found to diift ever so little by the effect of 
perspective, then the heliocentric theory could no longer be 
gainsaid ; if, on the contrary, they ignored sublunary circlings, 
the " piU " (as Kepler termed it) to be swallowed by Coper- 
nicans was indeed a huge one. For the distances to which 
the fixed stars had, in that case, to be relegated, seemed in 
those times monstrous and incredible; and monstrous and 
incredible they would appear still, were we not forced by 
irrecusable evidence to believe in them. 

Throughout the history of these inquiries, at least in its 
earlier part, it may be taken almost as an axiom that the 
largest ostensible psurallaxes were obtained by the worst 
means. With each successive improvement in methods and 
instruments, as the limits of possible error shrank, the dis- 
placements apparently measured dwindled, and the stars 

282 
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became less accessible to attempted determinations. During 
some three centuries, the ill-success of an astronomer in this 
matter was a measure of his skill and judgment. Besults 
obtained with suspicious facility by inexpert observers utterly 
evaded the guarded scrutiny of such men as Tycho Brahe, 
Bradley, and Pond. Flamsteed, indeed, just at the close of 
the seventeenth century, detected in the pole-star annual 
variations which were certainly not illusory. Yet here too 
there was a caveat Theory and fact did not correspond. 

Let us consider for a moment what must be the visual 
effects upon very distant objects of the comprehensive and 
unceasing rounds of the planet upon which we are borne as 
spectators. Unmistakably, to begin with, we see them in 
different directions at different times of year. In January and 
July, in March and September, and so on, we are at opposite 
ends of base-lines 186 millions of miles in length. The stars 
then must be continually thrown, now a little to one side, now 
to the other, of the true, or " mean " places which they would 
severally occupy if viewed from the immobile sun. In other 
words, each describes round its mean place in a period of a year, 
a small apparent orbit, which is nothing else than the orbit of 
the earth projected in miniature on the sky. For stars situated 
in the ecUptio — that is, in the plane of the earth's motion — 
this orbit contracts into a right line, along which the star merely 
swings to and fro ; for stars near the pole of the ecliptic, the per- 
spective orbit ia sensibly a circle ; while intermediate latitudes 
afford all degrees of foreshortening. Every star — unless those 
few lying close to the pole of the ecliptic — has thus its epochs 
of maximum parallax, six months apart, when it seems to stand 
alternately at opposite extremities of the major axis of the par- 
allactic ellipse, and it is then that measures of its apparent 
displacements can be most advantageously made. These 
opportune seasons occur when the earth's longitude falls short 
of, or exceeds by ninety degrees the longitude of the star. They 
are accordingly different for stars with different longitudes 

The precise /orm of displacement due to the earth's revolu- 
tion round the sun is thus strictly calculable for each individual 
star ; the amourU alone cannot be predicted, but must be obtained 
by observation ; and from this amount the distance of the star 
is deduced. For each parallactic orbit is a perfect model, both 
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in shape and size, of the eartih's orbit as it would be seen firom 
the star, abridgment of compass (down to contraction into a 
virtual point) corresponding to a more and more profound im- 
mersion of the point of survey in the abysses of space. 

The parallax of a star is then the difference between its 
positions as seen from either side, and from the centre of the 
earth's orbit. It is, in short, the angle subtended, at l^e 
distance of that particular star, by the mean interval between 
earth and sun. Now we can tell in a moment how far off a 
spectator must be to see a line ninety-three millions of miles 
in length diminished to the angular dimension of, let us say, 
one second. He must be 206,265 x 93 millions of miles 
distant But no star has yet been found so mtar to us as this. 
That is to say, the shift of no known star amounts to as much 
as the width of a sixpence held up at Charing Cross to a 
spectator at Stanhope Gate or at Millbank. 

We are now in a position to understand why it was that 
Flamsteed's observations of the apparent displacements of 
Polaris could not, when critically examined, be set down to 
the account of parallax. The star seemed indeed to describe, 
regularly each year, a little ellipse of exactly the right zhajpty 
and as to its zize^ there was no h, priori reason why the pole- 
star should not have a parallax of upwards of twenty seoonds. 
But there was one irreconcilable discrepancy. The displace- 
ments noted occurred at wrong times. Had they been of a 
parallactic nature, the position of the star in its minute 
fictitious orbit should have been invariably ninety degrees in 
advance of what it actually was. They were not then due to 
parallax ; but obtained their proper explanation from Bradley's 
discovery of the aberration of light in 1729. 

During the ensuing century and a quarter, the only valid 
results obtained in this direction consisted in demonstrations, 
renewed and enforced from time to time as more conclusive 
evidence presented itself, that with the instrumental means 
then available, stellar parallax was an inappreciable quantity. 
Bradley showed that it must fall short of half a second, and 
although his reasoning applied strictly to only a limited number 
of stars, it was rendered at once more general and more cogent 
by the investigations of Pond and Airy, of Struve and BesseL 
It thus seemed that astronomers should content themselves 
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with the knowledge that the stars were exorbitantly remote, so 
remote that light spent at least four or five years in travelling 
to lis from the brightest of them, and might, for anjrthing that 
appeared, need an indefinitely longer time for the journey. 
The labours and refinements of two centuries had issued in 
fixing a lower limit for distance, an upper limit for parallax ; 
in isolating the sun from his compeers by setting between 
him and them an unmeasured stretch of desert space; in 
widening to a startling extent the boundaries of the visible 
universe. Kepler's "mighty bolus" had to be swallowed in 
its entirety. 

At last, in 1827, Savary of Paris brought forward a 
method for fixing an vpper limit to the distances, a lower 
to the parallaxes of binary stars moving in known orbits. 
The further off from us such orbits are, the greater of course 
their real size, and the longer the time taken by light to 
cross them. Hence, the deviations of the moving stars from 
their true places due to inequalities in light- transmission 
must increase with their remoteness, and thus serve in theory 
to determine the distance from the earth of the pair. Or if 
no such deviations are apparent, it should at least be possible 
to fix an amount which they could not exceed without becom- 
ing so. Savary, accordingly, professed to demonstrate in this 
way that ^ Urs» Majoris, t^e couple most favourably situated 
for the purposes of the inquiry, must have a parallax exceeding 
^^ of a second ^ — ^must, that is, be at a less distance than 
would be traversed by Ught in 1000 years. But the informa- 
tion, however credible in itself, was not fully authenticated. 
Villarceau showed, in 1878,^ that the method was inapplicable 
except to stars of known relative masses ; and it was by that 
time already obsolete. The light-equation in stellar orbits is 
too small to be extricated from errors of computation and 
observation, unless where the occurrence of eclipses sharply 
defines positions and epochs. 

Besides, the end in view can now be compassed by 
spectroscopic means. Measures of radial velocity in an orbit 
of known inclination give at once its linear dimensions, and 
by comparison with micrometrical data, its distance from the 

^ Conn, dea Temps, 1880, p. 169. 
• Ihid. 1878, p. 68. 
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earth ; ^ and the possibilities of the method were illustrated by 
M. B^lopolsky's investigations of 7 Yirginis and 7 Leonis in 
1898.^ Of considerably higher promise are the results derived 
by Professor Hussey for B Equulei, and by Professor Wright 
for a Centauri ; and those obtained for Castor by Dr. Curtis 
aie of exceptional importance. 

By-ways, however, may be neglected since the road 
leading straight to the goal has been made practicable. The 
engineer who carried it over the barrier long helplessly con- 
fronted, was Fraimhofer. The improvements effected by him 
in the power and perfection of telescopes, as well as in the 
application to them of micrometrical apparatus, alone rendered 
feasible the exquisitely refined measurements upon which the 
detection of stellar parallax absolutely depends.' 

These measurements are for the purpose of determining 
variations in the angle between the star chosen as the subject 
of experiment and one or more ''comparison-stars" in its 
neighbourhood, treated as fixed points of reference because 
assumed to be indefinitely remote. From progressive annual 
changes of the intervals separating them from the star they 
serve to test, the amount of its parallax, hence of its distance 
frx>m the earth, is learned. But if the comparison-stars are 
themselves affected by sensible parallactic displacements, then 
the result is, to a certain extent, if not wholly vitiated. Should 
they chance, for instance, to be at the same distance from us 
as the compared object, then all the stars under observation 
will shift together, giving the effect of immobility, and im- 
plying the absence of measurable parallax, when in reality a 
large one may be present Again, a parallax sought by the 
aid of a comparison-star itself possessing one-half the parallax 
of the star investigated, will come out only one-half of its true 
value. It may even happen that the comparison-star is, of 
the two, our nearer neighbour in space, when a ''negative 
parallax " (as it is called) will emerge, showing how great the 
discrepancy is in the wrong direction. 

It is, indeed, the weakness of the " differential method of 

^ Fox Talbot, Report Brit, An. 1871, pt. U. p. 84 ; Bambaut, Proe, M. Irish 
Aead, toL It. p. 669 ; T. J. J. See, Astr. Nach, No. 8814. 
> Ihid. Ko. 3510. 
' G. A. F. Peters, Z^iUehHft f&r popuUbrt MiUkeilungen, Bd. iii. p. 96. 



Digitized by CjOOQIC 



THE DISTANCES OF THE STAES 287 

parallaxes " that it gives relative, never absolute results. Not 
only does some degree of doubt always attach to them, but 
their deviations from the truth are always on the same sida 
They tend in all cases to diminish the parallax, and exaggerate 
the concluded distance. Nevertheless, the advantages of the 
method are so overwhelming, it abolishes so many causes of 
error, and strikes at the root of so many illusions, that it has 
gained universal and all but exclusive preference. No one 
now thinks of attacking this delicate problem by the com- 
paratively clumsy mode of determining absolute right ascen- 
sions and declinations at intervals of six months, and trying 
to distil, from a confused mass of minute errors, the sub- 
sensible evidence of those periodical changes which reflect 
across the gulf of sidereal space the movement of the earth in 
its orbit. 

Nevertheless, the first genuinely measured stellar parallax 
was so far a casual result that it was arrived at in the ordinary 
course of observation. It presented itself, as it were, un- 
solicited. Alpha Centauri combines Struve's three criteria of 
vicinity. It is exceedingly bright; it has a large proper 
motion ; and its components revolve swiftly in a wide orbit. 
No other star in the sky seemed beforehand so likely to come 
within the grasp of terrestrial determinations ; and none has 
yet proved to be so little remote. Henderson's observations 
of it, made at the Cape in 1832-33, were discussed with a view 
to sifting out from them a parallactic element, after he had 
learned that the star's rapid onward movement afforded a 
presumption of relative nearness to the earth. Nor were his 
expectations belied. A parallax of about one second mani- 
festly implied by annual changes of declination, was partially 
confirmed by observations of the same object in right ascen- 
sion made by Henderson's assistant. Lieutenant Meadows. 

His announcement to this effect, January 3, 1839,^ 
was received with doubts, justifiable, perhaps, considering 
the numerous precedents for illusion on the point, but not 
justified by the upshot. Bessel's similar (and slightly prior) 
conmiunication regarding 61 Cygni, inspired, on the other 
hand, general confidence. The Konigsberg series, indeed, 
though by no means fortified with all the precautions now 

^ Memoirs R. Astr, Soe, vols. zL p. 61 ; zii. p. 829. 
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deemed necessary, seemed beautifully completa The observa- 
tions were of the differential kind, and the harmonious flow 
of the curves into which they were projected by Mr. Main/ 
prompted the conviction that here at last was a stellar parallax, 
the genuineness of which was beyond caviL The extreme 
importance of its detection, pronounced by Sir John Herschel 
the greatest triumph ever achieved by practical astronomy, 
can be estimated from Bessel's declaration that, until it was 
actually compassed, he was unable to form an opinion as to 
whether the parallaxes of the nearest stars should be reckoned 
by tenths, or by thousandths of a second I ' 

The distance from the earth of 61 Cygni has been more 
frequently investigated than that of any other star, and some 
trifling discrepancies notwithstanding, may be considered as 
satisfactorily ascertained. Bessel's parallax of about a third 
of a second was augmented to 0'^'42 by Auwers's rediscussion 
in 1868 of the same data, and to 0'''47 by Sir Bobert Ball's 
measures at Dunsink.* Dr. Hermann Davis's discussion of 
the Butherfurd plates in 1898 yielded a value of O'^'Se;^ 
Professor Barnard's observations in 1900-2 with the Yerkes 
refractor proved closely confirmatory.* This unobtrusive star- 
pair may then be confidently located at a distance of nine 
light-years from the earth.^ 

We 8U)Cordingly see the coupled stars, not where they are, 
but where they ijoere nine years ago ; that is (since their 
proper motion is about 5''*12 yearly) just forty-six seconds of 
arc behind their true places. The effulgent points terrestrially 
determined are then mere simulacra of the real stars ; they 
pursue, without ever overtaking them ; they would continue to 
shine and to travel for nine years after their originals had been 
blotted out of the visible creation. Our views of all moving 
objects are of course to some extent affected by this curious 
kind of light-aberration; but in the sidereal heavens it 
attains proportions that are not only large, but, for the most 
part, incalculably large. Our survey of the background of 

^ Memoin M. Astr, Soe. voL xu. p. 42. 

* Asir. Naeh. No. 886. 

* Abhandlungen K&n. Akad. Berlin, 1868» p. 114. 

* Cohmbia Univernty Coniributiont^ No. 18, p. 125. 

Btport Yerkes ObeenxUary, 1879-1902, p. 18. 

* Barrett, Astroph. Jowm, toL xviiL p. 898. 
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the sky may lag centuries, even millenniums, behind our 
simultaneous survey of its foreground; and the disturbed 
synchronous relations between the varied luminous contents 
of the sphere are, to our perception, incapable of readjustment. 

Transported to the place of 61 Cygni, our sun would 
appear about eighteen times brighter. It would represent 
a star not of the fifth, but of the second magnitude, such as 
Polaris, or one of the Pointers. Nor is it likely that the 
Swan binary is massive much beyond the proportion of its 
luminosity. The extreme slowness of its revolutions, on the 
contrary, intimates a comparatively slight power of mutual 
attraction. 

Fraunhofer's construction of the instrument with which 
Bessel observed 61 Cygni, marked the turning-point from 
failure to success in parallactic inquiries. The heliometer is 
specially adapted to facilitate them. It has two chief points 
of superiority over the ordinary equatoreal and micrometer. 
In the first place, much wider pairs of stars can be grasped 
with it, its compass being, by the mobility of the semi-lenses, 
extended fax beyond the Limits of a single field of view. The 
selection of comparison-stars is thus greatly enlarged, and the 
chances of a systemic connection with the central star fatal to 
the purpose of the designed operation, are reduced to a mini- 
mum. In the next place, the stars under observation can be 
visually equalised by placing a wire -gauze screen of any 
desirable opacity over the segment of the object-glass forming 
the image of the brighter one, whereby baffling personal errors 
are completely eliminated. These are the chief, but not the 
only features of the heliometer tending to promote critical 
precision ; and not the least among Sir David Gill's services 
to astronomy was his development of the powers and applica- 
tions of this unique instrument. 

BesseFs success with 61 Cygni gave the impulse to 
numerous undertakings of the same kind. Their result 
depended mainly on the skill or luck of the observers in 
picking out from innumerable indefinitely remote stars the 
few near enough to be sensibly displaced through the efiecte 
of the earth's motion. Two circumstances mainly determined 
their choice. 

That distance is a factor of stellar brightness is so obvious 
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a truth that it may almost be reckoned a truism. Admitting 
the widest possible range of variety in actual light-power, the 
likelihood still remains that the most lustrous objects will be 
found among those in closest proximity to the earth. Excep- 
tions, it is true, abound ; but, on a wide average, the theoretic^ 
inverse ratio between distance and the square root of total 
light furnishes at least a valuable guide to actual fisM^t^ 

Several conspicuous stars — Vega, Arcturus, Capella, a 
Cygni, and Polaris — ^were, on this ground, fixed upon for 
investigation by C. A. F. Peters in 1842-43.* His results, 
obtained with the Pulkowa vertical circle, were absolute, being 
irrespective of comparisons with other stars ; but the deduced 
parallaxes were so small, and their " probable errors " so rela- 
tively large, that it was difficult to place much confidence in 
them. Yet they came surprisingly near the truth. 

A second criterion of nearness was found in the appear- 
ance of rapid motion. This varies in the same proportion as 
distance, but in the reverse sensa At twice the distance, an 
identical velocity produces only half the angular displacement ; 
at three times the distance, one-third, and so on. Thus, 
apparent swiftness, no less than apparent lustre, depends in 
part upon vicinity, and the largest proper motions must belong, 
on the whole, to the nearest stara 

And, on the whole, parallax-hunters taking rapidity of 
advance for their guide have prospered the best A 7*5 
magnitude star in Ursa Major, flitting annually over 4f 
seconds of angular space, was found by Winnecke in 1858 ' 
to have a parallax ( = 0''*46) inferior only, among those as 
yet determined, to that of a CentaurL This insignificant 
object, numbered 21,185 in Lalande's great catalogue, is 
separated from the earth by a Ught-joumey of seven years, 
and to that extent our observations of it are retarded. So 
that it is in reality always 33" in advance of the place we 
are compelled to assign to it. For a body claiming the rank 
of a sun, it is either very small or very obscure. Our own 
ruling orb is 260 times more luminous. 

* Stiuve, Mens, Mieront. p. clxii. 

* Zeitschri/t finr pop, MiUh, Bd. iii p. 104 ; Mimoires, St P^tenbourg, 
t. vii. p. 140, 1858 ; Aatr. Naeh. No. 1147. 

» Astr. Naeh, No. 1147. 
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An 8'5 magnitude star in the same constellation (Lalande 
21,258), also distinguished for apparent velocity, disclosed to 
Auwers's meastirements with the Eonigsberg heliometer in 
1860-62 a parallax of 0'''26,^ corresponding to a light-journey 
of 12^ years, and a permanent displacement on the sphere, 
due to its proper motion in that interval, of 55'^ The real 
brilliancy of the star is only -^^ that of the sun. A still 
smaller star in Draco (Oeltzen 17,415) gave an even more 
emphatic warrant to confidence in swiftness, rather than in 
lustre, as a certificate of proximity. Ertiger, induced by its 
yearly movement of l''*27 to subject it to experiment, obtained 
a parallax of one quarter of a second ; ^ while the fine binary 
system, 70 Ophiuchi, with an annual motion of I'^'IS, proved to 
be removed from the earth by twenty years of light travel 
(parallax 0'^*16).' And all these results seemed, from the 
smallness of their " probable errors," to be exceedingly trust- 
worthy. 

The probable error of any result, however, represents only 
what we may call the uncatised inaccuracies of the observations 
upon which it is founded. It sums up, according to the 
doctrine of ^probabilities, the efiect of their deviations, in 
either direction, from the mean. But it takes no heed of 
''systematic" errors due to causes working steadily in one 
sense, but, so to speak, underground. These are the real 
sources of mischief from which fallacious parallaxes have 
abundantly sprung in times past, and which cannot, in the 
present and future, be too carefully guarded against. Especially 
formidable are cei^ain slight idiosyncrasies of perception, by 
which measures of distance become modified with the varying 
positions of the line of direction between the objects measured, 
relative either to the vertical or to the line joining the 
observer's eyes. And since this subtle spring of error rises 
and falls harmoniously in a period of a year (because dependent 
upon the uranographical situation of the stars under scrutiny), 
it would be capable not only of completely* vitiating observa- 
tions appcurently accordant, but even of simulating parallactic 
changes that had no real existence. Instrumental errors, too, 

* Monthly Notices, vol. xxiii. p. 74. 

' Ada Societal. Seient. FenmicaB, t yu. p. 883. 

* Kriiger, Aitr. Naeh. Nob. 1210-12. 
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connected with changes of temperature, or the deforming 
power of gravity (as conditioned by the shifted positions of 
the telescope at different seasons) take the same cyclical course ; 
and there can be no doubt that to some such lurking deceptive 
influence the parallax of O'^'O? attributed to a Herculis by 
Captain Jacob in 1858/ owed its origin. Since the star 
chosen for comparison was no other than the well-known 
physical attendant of the object examined, the fact of illusion 
is patent. 

The exigencies of this kind of work were recognised and 
fully explained in an elaborate paper published by Dr. 
DoUen of St Petersburg in 1855 ;' and his principles were 
ably carried into effect by Dr. Briinnow in a series of investi- 
gations of stellar paraUax at Dublin between 1868 and 1874. 
The example thus set of the thorough elimination of errors, at 
once personal and periodical, has since been generally followed. 
More effectually than by most other men, the famous '' Know 
thyself" of the old Greek philosophers has been taken to 
heart by astronomers. Their anxious and elaborate inquiries 
regard not merely microscopic inequalities of scale -divisions 
and screw-values, changes in refraction, corrections for aberra- 
tion and proper motion, but the cunning tricks of their own 
nerves, the caprices of cerebration, all the varying conditions 
of perception in the organism at their individual command. 

Kone of these precautions were neglected in the important 
work executed by Gill and Elkin at the Cape in 1881-83.* 
Fully alive to its subtle requirements, they gave to their 
determinations a precision entitling them to standard rank. 
Sir David Gill's discussion, especially, of the parallax of a 
Centauri is a model inquiry. It leaves, one may say, no stone 
unturned beneath which a source of illusion might lie con- 
cealed. The resulting parallax of 0^^*75, accordingly, obtained 
by independent comparisons with no less than four pairs of 
adjacent stars, is probably more nearly accurate than any 
value of the sort yet registered. The &ct is definitely assured 
that light, which flies from the sun hither in eight minutes, 

^ Madras ObserwHons, 1848-52, Appendix ; Memoirs JB. Asir. Soe, toI. 
XZYU. p. 44. 

3 Bulletin de VAcad, St. Ptonbonrg, t. ziii. SappL 
' Mwwirs R. Astr, Soe, toL xlviii. 
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spends four years and four months on the journey from our 
nearest known neighbour among the stars. The corresponding 
distance is, in round numbers, twenty-five billion mile& 

A joint attack on Sirius disclosed a parallax of 0"*38, 
implying a light-journey of 8*6 yeara These were the first 
measures of the dog-star made under perfectly suitable con- 
ditions, and their repetition by Sir David Gill in 1888-89 
with the 7-inch Cape heliometer, finally established their 
accuracy.^ 

Of the nine southern stcu*s investigated by Gill and Elkin, 
five — 6 Indi, o^ and e Eridani, Lacaille 9342, and ^ Toucani 
— ^were chosen for their large proper motions, and all proved 
to be measurably near the earth.* Canopus and fi Centauri, 
on the other hand, included in the list because of their 
distinguished brilliancy, averred their extreme remoteness. 
From the former in particular, no symptom of displacement, 
prc^ressive or periodical, could be elicited then or subsequently. 
This is really, when we come to consider it, an astonishing 
result. 

Second only to Sirius in the southern hemisphere, the 
star of the Nile far outshines every star north of the celestial 
equator. As chief of the great constellation Argo, it seems 
to command, while standing slightly aloof from, the dazzling 
arcay of all stellar ranks spanning the heavens from the 
Greater Dog to the Cross. And since its spectrum is marked 
by nearly the same kind and amount of absorption as that of 
Procyon, we cannot safely conclude its mass to be abnormally 
small in proportion to its light. 

Both, regarded absolutely, must be enormous. The failure 
of persistent efforts to detect any parallactic shifting in 
Canopus obliges us to suppose it so far off that its 
light needs at least 300 years to reach us; how much 
longer, it is impossible to telL At this minimum distance, 
our sun would shrink to a tenth-magnitude star ; it would be 
one of the dense shoal of telescopic objects imperceptible to 
unaided sense, and scarcely yet individualised by the industry 
of astronomera But 22,000 stars of tenth magnitude give 
only the light of one Canopus ; whence it follows that Canopus 

* AnnaU of the Cape Observatory, vol. viii. pt. ii. p. 24. 
* See Appendix, Tftble V. 
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is oertainlj brighter, and may be very greatlj brighter, than 
22,000 suns like ours. This conclusion is startling, but 
appears inevitable. Fotir reference -stars, widely separated, 
are unanimous in its support. 

Beta Gentauri, one of the so-called southern Pointers, 
takes rank as of average first magnitude. Sir David Gill's 
final result assigned to it a parallax of O'^'OS, equivalent to 
a light-journey of 109 yeara Our sun, accordingly, shines 
with no more than ^^ the lustre of this white orb. 

The time had now come when a change in the system upon 
which inqidries of this kind were prosecuted seemed feasible. 
Hitherto, observers had been content to select the most 
promising subjects for their experiments without any regard 
to the co-ordination of result& The outcome was a collection 
of detached statements as to stellar distances, interesting, each 
by itself, in a high degree, yet incapable of being combined 
for the purpose of any general conclusion. So long ago as 
1853, Dr. Peters had pointed out that what was needed for 
obtaining a fundamental acquaintance with the structure of 
the sidereal world was not so much the determination of 
exceptional parallaxes, as the steady compilation of data for 
some well-grounded inference relative to the distances of 
defined star-classes.^ But it was not until thirty years later 
that it became possible to act on the suggestion. 

Encouraged by the success of the work just accomplished. 
Sir David Gill proposed, January 11, 1884, a scheme of 
attack upon the problem of star-distances in its widest 
bearings. Two "great cosmical questions" presented them- 
selves to him as answerable by the judicious distribution of 
some years' continuous labour. The first related to the 
average parallaxes of stars belonging to successive orders of 
brightness; the second to the connection between parallax 
and proper motion.^ 

A plan was accordingly concerted by which Dr. Elkin 
undertook the measurement, with the new Yale Coll^ helio- 
meter, of a considerable number of representative northern 
stars, while Sir David Gill dealt with a corresponding 
southern list at the Cape. Its final outcome was the authentic 

^ MimairtB de SL PUmbaurg, t. yiL p. 149. 
* lUmain B. Attr. Soc, voL xlviiL p. 191. 
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determination of thiitj-two parallaxes — ^ten in the northern, 
twenty-two in the southern hemisphere, including those of 
all stars of the first magnitude.^ And thus at last, a scale- 
unit for the stellar universe was provided. For, once we 
know the distance in billions of miles or light years corre- 
sponding to the first magnitude — ^the distance, that is, at 
which a " mean star " would shine with about the lustre of 
Spica or Segulus — the distances corresponding severally to 
the lower magnitudes follow as a matter of course. They are 
linked together (unless we are deceived by systematic changes 
of brightness) by an invariable proportion. We have already 
explained what is meant by the "light-ratio,"^ but it may 
here be repeated that a star of any given magnitude is, by 
definition, one 2*512 times brighter than a star of the magni- 
tude next below, and 2'512 times less bright than a star 
of the magnitude next above it. But, since light varies 
inversely as the square of the distance, any star removed to 
^^2*512 = 1'585 times its actual distance, would show exactly 
one magnitude fainter than it did befora This number, then, 
1*585, the square-root of the light-ratio, may be designated 
the " distance-ratio." It represents the difference of distance 
equivalent to a difference in light of one stellar magnitude. 
The relative mean distances of the various classes of stars 
are then known ; to render them absolute, we only need to 
ascertain the real mean distance of any of those classes. 

It is true that, within each class, vast disparities 
exist. Small stars, comparatively near the earth, take their 
stand on the same level of apparent brightness with indefinitely 
large, but indefinitely remote bodies. What is invariable for 
each magnitude is the proportion between real brilliancy and 

the square of the distance. Symbolically expressed, --^ is 

a 

constant. That is to say, photometric uniformity results 

from a certain balance being struck between remoteness and 

light-power, by which the effect of equality is produced. The 

law, however, connecting average distance with apparent 

lustre is not invalidated even by the limitless variety included 

^ Annals Cape Obs&rwUary, vol. viii. pt. ii. 1900 ; PubHeoHom YaU Ob- 
servatory, toL i pt ri. 1902. 
* See anU, p. 19. 
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in the above ezpressioiL The extremeB are vastly wide apart, 
but the mean remainfi practicallj the same. It should, 
nevertheless, be clearly borne in mind that the conclusions 
thus obtained are general, and should only be generally 
applied. Beferred to particular cases, they may be fiallacious 
and misleading. Nor are we assured that the stars are 
scattered indifferently as regards their real lustra An 
average star in one region of space might conceivably be 
larger or smaller, dimmer or brighter, than an average star 
elsewhera If this were so, the theoretical distance-ratio 
would fail as a guide to investigation. And it is remarkable 
that the mean distances of photometric dasses of stars derived 
from their proper motions show a lower rate of increase with 
faintness than they should if a uniform arrangement prevailed.^ 
A further caveat relates to the distribution of stellar spectra. 
If the manner of their assortment depends upon remoteness 
from our system, the geometrical interpretation of photometric 
data should be modified. This it assuredly does to some 
extent, although it seems to be more essentially conditioned 
by the lines of sidereal structure. The ratio of brightness to 
distance is probably not identical within the galactic zone and 
outside of it. 

Meanwhile, the Cape and Yale results give -^^ of a 
second of arc as the average parallax of first-magnitude stars 
in all parts of the sky. They establish, at a distance of thirty- 
three light years, the first halting-stage for explorations of 
sidereal space. Thus inconceivably remote, taken all round, 
are the brightest of the stellar host. Our sun, so placed, 
would sink nearly to the fifth magnitude. Its fellow suns, 
then, far surpass its glory. 

On the scale determined at Yale College, the mean distance 
of stars of the second magnitude is fifty-two light years 
(parallax 0''*063) ; stars of the third magnitude are at eighty- 
two light years (parallax 0'^'04), and so on; the invariable 
ratio of 1*585 regulating the increase of distance and decrease 
of magnitude for each descent of one step, provided only that 
light suffers no ethereal absorption. "When we get down to 
the sixteenth magnitude, which is about the minimum visibUe 

1 Newoomb, The Stars, p. 818, where (as Mr. T. E. Heath has remarked) a 
▼alne of 1*414 for the distance-ratio is implied. 
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in the largest telescopes (the Yerkes re&actor attains to one 
magnitude lower still), we find the theoretical light-interval 
lengthened to 33,000 years; but there is no certainty that 
any such £Gtr-trayelled rays reach us. The regular progression 
of distances may not extend so &x. It must stop somewhere, 
if the stellar system be — as we have reason to think it 
is — of finite dimensions; at what particular magnitude the 
break occurs, it would at present be futile to conjecture. 
All that can be said is that, distance becoming at length 
eliminated as a factor of magnitude, the difierences of the 
faintest stars represent, chiefly or solely, real inequalities 
in shining. There may possibly, for instance, be no '' mean 
distance'' corresponding to the sixteenth magnitude. The 
stars of that rank would not then, on the whole, be further ofT 
than those of the rank next above them, but would, on the 
whole, possess only ^ of their real light This mud be the 
case — so far as we can see — at some stage of the descent into 
the abysses around us. 

Besides Oanopus, four among the twenty-one brightest 
stars in the sky were found by Gill and Elkin inaccessible 
to parallactic research. These are Bigel, Spica, a Cygni, 
and fi Crucis. All five must be Brobdingnagian orbs ; their 
magnificence defies the realising efforts of imagination. In 
singular contrast to them are certain swift, but dim stars 
measured by Sir David Gill, notably one in Pictor of 8*5 
magnitude, which cannot, since it has a comparatively large 
parallax, shine with more than ^^ the lustre of our modest 
sun. Ten, in {act, of the twenty-two stars determined at the 
Cape, proved to fall short, in sundry degrees, of the solar 
standard of light-power.^ But to what extent they depart 
from the wide average of the sidereal system, we have at 
present no means of judging. All that can be said is that 
the variety embraced by it has a prodigious scope.^ 

Of the ten stars measured at Yale, Procyon, with a parallax 
,of 0''"334, giving a light-journey of 9*8 years, was found to be 
the nearest to the earth. Altair, at a distance of 14 light- 
years (parallax 0''-232), came next; Aldebaran, at 30 light- 
years (parallax O'^-lOO), third. From Arcturus and Betelgeux 



* (Jape Annals, vol. viii. pt ii p. 141. 
* Gill, Ftoe, S. Jfriean Phil Society, Sept. 17, 1902. 
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an almoBt identical result was derivecL Each is planged in 
a profundity of space represented by 126 years of light- 
travel ; and this implies the real luminosity of Aicturus to be 
approximately 1000, that of Betelgeux to vary a little on 
either side of 800 times the sokr brightness. 

So closely and so consequentially have advances in this 
arduous branch followed the growth of improvement in 
heliometers, that direct visual measurements for the purpose 
with any other instrument might almost seem waste of labour. 
ITevertheless, the transit-circle has been unexpectedly rendered 
thus available. Professor Kapteyn originated, in 1889, the 
determination of stellar parallaxes by differences in right 
ascension, giving for fifteen stars results at once acknowledged 
as authentic ; ^ and his method was applied to ninety-six stars 
by Professor Flint at the Washburn Observatory (U.S Jl) in 
1893-96.^ It is safe and expeditious, and serves as a useful 
adjunct to work with the camera. Photographic parallax 
researches were effectively set on foot by Professor Pritchard. 
His first experiment was with the classic 61 Cygni, of which 
330 separate impressions, obtained in 1886-87> furnished the 
materials for 30,000 measures, or " bisections " of star-images.* 
For the immediate end in view, these extraordinary pains 
were largely superfluous; but they had the ulterior object, 
fully attained by their means, of establishing the credit of a 
novel and unfamiliar method. The most delicate of all 
astronomical inquiries was thenceforward, with the full assent 
of experienced judges, admitted to be within the competence 
of the celestial photographer. 

The advsintages of determining parallaxes firom sensitive 
plates are manifold. Perhaps the chief of them is the nearly 
indefinite power of control they afford. Any of the imprinted 
stars, situated at all near the prolongation of the major axis 
of the parallactic ellipse (in other words, with a tolerably 
large " parallax-factor ") may be used as a point of reference. 
Comparisons can thus be multiplied almost at pleasure, and 
inferred displacements with regard to one star checked by 
recourse to another, duplicate plates being at hand for addi- 

^ Astr, Nctch, No. 2935 ; AnnaJen der StemwarU in Leidm, Bd. vii 

> Pubk WaMwm Obtervatory, Tol. zi 1902. 

* Monthly Notices, vol. xlvii. p. 87. 
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tional safety. By the proper use of such safeguards, delusive 
results can be all but certainly excluded. Moreover, rdaiive 
parallax becomes virtually absolute when comparisons are made 
with a great number of stars, most of which are presumably 
too remote to complicate the result by perspective movements 
of their own. 

Within its peculiar province photography comprises stars 
too fjEdnt to be conveniently dealt with by visual means. For 
the images of those much brighter, over-exposed through the 
necessity of giving the small stars in their neighbourhood 
time to imprint themselves, become diffused into blurred discs 
unfit for accurate bisection. Plates, on the other hand, taken 
by Dr. Schlesinger with the Yerkes refractor in 1903-4 proved 
well adapted for obtaining the parallaxes of eighth and ninth 
magnitude stars.^ Trial was made of only three ; but one of 
them was a double star in Cepheus, found to be ten times 
nearer the earth than Vega or Arcturus (parallax » 0^*27 8). 
Yet the pair give no more than ^-^ the sun's light, though 
their rapid mutual revolution suggests the presence in the 
Efystem of considerable attractive power. It will be curious to 
ascertain, when their orbit develops sufficiently to be com- 
puted, the relation in its members of mass to luminosity. 

The main object of present inquiry is to obtain a wider 
basis for general conclusions regarding the distances of the stars. 
For this purpose it is more important to secure a considerable 
number of parallaxes reasonably well determined than a few 
reduced by scrupulous care within the narrowest possible 
bounds of error. Besearch in this sense is already well on its 
way. From statistics of proper motion. Professor Kapteyn 
has derived trustworthy estimates of the mean distances of 
the stars according to their photometric rank.' In, doing 
so he found it advisable to distinguish between the 
members of different spectral classes, since the fact clearly 
emerged from his discussion that — as Mr. Monck had indicated 
several years previously • — Sirian and helium stars are fuUy 
twice as remote, on an average, as solar stars of the same 
magnitude. A colossal scheme of direct inquiry was besides 

^ Aitroph. Joum. toI. zx. p. 128. 

* Atir. Ndeh. Ko. 8487 ; Gfroningm Astr. Puhl. Ko. 8. 

* As^. and Adrophyiia, toL xi. p. 701. 
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Bketched bj the Groningen astronomer in 1889/ and its 
feasibility established bj experimental measurements of plates 
taken by Professor Donner at HeMngf ors, the resolts of which 
were made public in 1900.^ But the proposed photographic 
survey of the heavens, by which the parallaxes of 800,000 
stars might possibly become known^ is still in abeyance. Its 
execution would be most costly in time, labour, and money ; 
and their lavish outlay is discouraged by the baffling smallness 
of the quantities sought to be disclosed* 

Meanwhile we may attempt to summarise the outcome of 
preliminary explorations. It is, in the first place, decidedly 
unfavourable to the existence of any large parallaxes. The 
possibility is, of course, by no means excluded that stars may 
be found much nearer to the solar system than a Centauri, 
but their discovery is growing every year less and less probable. 
Sir Bobert Ball ' examined some years ago about 450 objects 
in a manner which, though summary, would have sufficed to 
bring to view any parallax of a single second of arc None 
was forthcoming. His list comprised a number of red and 
variable stars. Nova Cygni, Webb's planetary nebula, and the 
Wolf-Bayet gaseous stars in Cygnus ; and it may be noted 
in passing that spectral peculiarities are almost invariably 
associated with an uncommon degree of immobility in the 
sky. The ninety-six stars reviewed by Professor Flint on 
Eapteyn's method were of a more promising character ; and 
ninety-two were selected by Dr. Chase for rapid scrutiny 
with the Yale heliometer, because their large proper motions 
supplied an argument of proximity ; yet, among them all, not 
one seems to be within a five years' light -journey of the 
earth. Indeed, parallaxes even of one-tenth of a second, 
signifying a light-interval of thirty-three years, are held by 
Professor Kapteyn to be extremely scarce.* On the whole, 
perhaps one hundred stars ^ have been shown to swing to and 
fro sensibly in response to the earth's orbital vibration ; and 
the number of fairly well determined parallaxes may be put 
at about seventy.* 

1 BM. de la OarU du GUI, No. 1, p. 262. G£ PnlMch, Asir. Naeh. No. 
4018. 

* Ofroningen Astr, Ptibl. No. 1. • Dwisink ObtervcUions, voL ▼. 

* Gfraningen PubL No. 1, p. 98. • Newoomb, The Stars, p. 149. 
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The cardinal truth emerging from these inquiries is that 
of the extreme isolation of the solar system. A skiff in the 
midst of a vast unfurrowed ocean is not more utterly alone. 
About the same proportion would be borne by bxl oasis one 
mile across to a desert twenty times as extensive as the 
Sahara, that our sun with his entire planetary household 
bears to the encompassing void of space. The enormity of 
its blank extent is strikingly illustrated by Father Secchi's 
remark that the period of a comet reaching at aphelion the 
middle point between our sun and the nearest fixed star, 
would be of one hundred million years ;^ and, by recent 
measures, the nearest fixed star has been pushed further back 
into space by one-quarter the distance assigned to it when he 
wrote. Yet the sun is no isolated body. To each individual 
of the unnumbered stars strewing the firmament, down to the 
faintest speck of light just shimmenng in the field of the 
lick re&actor, it stands in some kind of relationship. 
Together they master its destiny and control its movements. 
Independent only so far as its domestic affairs are concerned, 
it is bound, as a star to the other stars, by influences reaching 
efficaciously across the unimaginable void which separates it 
from them. The outcome of those influences in the trans- 
latory motion of the solar system we shall consider in the 
next chapter. 

1 Les AoiUs, t. iL p. 146. 
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CHAPTEE XXin 

TBANSLATION OF THE SOLAB STBTEBC 

Ths study of the stars inevitably leads us to oonsider the 
advancing movement in the midst of them of the sun and its 
attendant tiain of planets. There can be no reasonable doubt 
— and the thought is an astounding one — that we aie en- 
gaged on a voyage through space without starting-point or goal 
that we can know of, which may prove not wholly uneventful 
Its progress may possibly bring about, as millenniums go by, 
changes powerfully influential upon human destinies ; nay, an 
incident in its course may at any time, by the inscrutable 
decree of Providence, terminate the terrestrial existence of our 
race, and consign the records of its civilisation in dust and 
cinders to the arid bosom of a dead planet. A curious sense 
of helplessness, tempered, however, by a higher trust, is pro- 
duced as we thus vividly realise how completely we are at 
the mercy of unknown forces — ^how irresistibly our little 
" lodge in the vast wilderness " of the universe is swept 
onward over an annual stretch of some four hundred millions 
of miles, under the mysterious sway of bodies reduced by their 
aknoet infinite distances to evanescent dimensions. 

But, as things are constituted, the translation of the sun's 
household is a necessity, albeit one of startling import to our- 
selves. The stellar system is maintained by the balance of 
forces, and motion is the correlative of force. As a star among 
stars, the sun can only maintain a separate existence by con- 
tributing its share to those harmonies of movement by which 
"the heavens show forth the glory of God." Destruction 
wotdd be the eventual penalty of even a moment's immobility 
— a penalty, indeed, which might not be exacted until after the 

802 
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lapse of many millions of years. It may reasonably be 
assumed that a Centauri exercises upon the sun the strongest 
attraction of any individual star ; but a collision would ensue 
very tardily upon abandonment bo its influence. The sun (if 
undisturbed by competing pulls) would fall from a position of 
rest towards its next neighbour, less than the third of an inch 
in the first month ; the second month would see despatched 
nearly a full inch of the journey of twenty-five billions of 
miles; and although the acceleration would of course grow 
more rapid as the distance diminished, upwards of fourteen 
million years should pass before the fires of sun and star, 
probably become extinct during their gradual approach, could 
be rekindled by the catastrophe of their impact. 

There is then an d, priori certainty that the sun moves ; 
and assurance on the point is rendered doubly sure by 
inferences from observed facts. For besides their annual 
parallax due to the earth's motion round the sun, the stars 
have a "secular" or "systematic" parallax depending upon 
and attesting the reality of the sun's motion round an 
unknown centre. Let us see how this systematic parallax can 
be investigated. 

If the sun alone were in motion, and the stars at rest, the 
results in perspective displacements would be simple and un- 
mistakabla Each star would appear to travel backward along 
a great circle of the sphere, passing through the two points 
towards and from which the sun's course was directed. So 
that there would be the semblance of a general retreat from 
the " apex " or solar point de mire, coupled with a thronging-in 
from all sides towards the opposite point, or " anti-apex." For 
each particular star, the amount of displacement should vary, 
inversely as its distance from ourselves in space, directly as 
the sine of its angukr distance from the apex. Hence, if the 
annual parallax of even one such sensibly shifting star were 
determined, not only the rate, in miles per second, of the 
solar progression would at once follow, but the parallax of 
every other sensibly shifting star in the heavens could be 
dedneed by a simple calculation from the relative quantity of 
its apparent movement 

But the stars are not at rest. They have movements of 
their own, greatly swifter, in many cases, than that of the sun. 
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Perspective effects are thus to a great extent masked. Yet 
they subsist It is mathematically certain that every star, 
whatever its own course or speed, reflects the sun's motion in 
the strict measure of its position with regard to it. What are 
called the ** proper motions " of the stars are then made up of 
two parts, one real, the other apparent They include a 
common element, the separation of which from the hetero- 
geneous admixtures disguising it, constitutes the problem to 
be solved. 

With the instinctive appreciation of genius, Herschel went 
straight to the heart of the matter. What had to be done, he 
saw clearly, was to find out the direction which should be 
given to the sun's course, in order to make it account for as 
large a proportion as possible of the sum-total of stellar 
movements. "Our aim must be," he wrote in 1805, "to 
reduce the proper motions of the stars to their lowest 
quantities."^ And again: "The apex of the solar motion 
ought to be so fixed as to be equally favourable to every star." 
But how is this to be done ? Very simply, if we only consider, 
as Herschel did, a few of the brightest stars. 

Take, for example, four stars with conspicuous movements, 
two in the northern, two in the southern hemisphere ; namely, 
Vega, Capella, Sinus, and Fomalhaut The great circles, of 
which each annually describes a minute arc, traced backward 
on the sphere, very nearly intersect in a single point situated 
in the constellation Herculea^ Had we only the motions of 
those four stars to consider, we should accordingly infer with- 
out hesitation the ''sun's way" to lie thitherward. Nor 
should we be very far wrong. The most refined modem 
determinations of the solar apex, founded upon the motions of 
several thousand stars, differ among themselves to an extent 
comparable with their mean deviation from the result of the 
extremely summary proceeding just indicated. 

The graphical method, however, is evidently applicable 
only to a very restricted stock of data. When a crowd of 
stars have to be taken into account, the points of intersection 
of their respective circles of motion become spread over too 
wide an area for a "mean apex" to be struck out fairly 

* Phil. Trans. toI. xov. p. 248. 
• Thifl was remarked by Klinkerfaes, GSUingiiche Naehnehtm, 1878, p. 860. 
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between them, even by the exercise of a judgment as dis- 
criminating as that which in 1783 led Herschel to place the 
goal of solar travel in the vicinity of X Herculis. The 
accumulated facts must then be dealt with by a method at 
once stricter and more comprehensive. A glance at the 
nature of the task in hand easily suggests to a mathematician 
what that method should be. 

The proper motions of the stars give, as already hinted, 
the plainest evidence of individuality. The lines pursued by 
them run in all possible direction& But a sub-stratum 
of regularity underlies this seeming confusion. A mere 
inspection of the signs plus and minus, signifying respectively 
east and west, and north and south, attached in catalogues to 
the components in right ascension and declination of stellar 
movement, suffices to show a general prevalence of law through 
the unequivocal tendency of the signs to vary concordantly in 
passing from any one to an adjacent region of the heavens.^ 
At a covp cPosU, Argelander fixed the point from which this 
under-current of motion flowed, and so gave an improved apex 
for the course of the sun, confirmed in the main by subsequent 
research.^ It is then clear, in the first place, that no movement 
possibly assignable to the sun can explain all stellar displace- 
ments; a large residuum being real, and therefore by no ingenuity 
to be got rid o£ While in the second place, the nearer the truth 
is approached as regards the direction and amount of the sun's 
motion, the smaller obviously this residuum will be. In other 
words, the most probable value of the solar motion will be that 
which renders the " sum of the squares of the residuals " of 
stellar motion a minimum. 

But why the sum of the squares, and not the simple arith- 
metical sum of the outstanding proper movements ? It needs 
only common sense, aided by the most elementary geometry, 
to get a sufficient insight into the reason. Any one can see, 
with the help of a pencil and a piece of paper, that, if a line 
be divided into two segments, and squares be constructed on 
the segments, the sum of those squares will be the least possible 
when the line is equally divided, and will increase continually 
with the inequality of the segments. This simple &ct gives 

^ stone, Monthly Notices, voL zxvii p. 289. 
< Mimoirea pritmUA d VAead. St. P^terabourg, t. iii p. 569. 

30 
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the clue to the principle of ** least squares" Its object is to 
elicit such a quantity as will make the outstanding errors of 
observation, or any other kind of residuals, as small as possible 
dU round. Not merely small taken in the aggregate, but 
reduced impartially to a uniform level of insignificance. 
Under these circumstances, as we have seen from the con- 
sideration of our divided line, the sum of their squares will be 
a minimum ; and it can be mathematically demonstrated that 
the most probable result of such investigations as are sus- 
ceptible of this kind of treatment, is arrived at when the 
condition of " least squares " is fulfilled. 

This mode of attack upon the problem of the sun's trans- 
lation was first employed by Argelander in 1887. Assuming 
provisionally the correctness of Herschel's apex, he proceeded 
to compute for each of 390 stars with ascertained proper 
motions the lines along which those motions should proceed 
if due to systematic parallax alona Their deviations from 
the prescribed directions gave him " angles of error," which, 
placed in the category of casual errors of observation, and 
treated by the method of least squares, indicated a corrected 
apex, such that by its adoption, the sum of the squares of 
the differences between what was calculated and what was 
observed — that is, between the purely parallactic drift of the 
stars and their actual displacements — ^was reduced to the least 
possible amount The solar movement was, in a word, so fixed 
as, in Herschel's phrase, " to be equally feivourable to every 
star," a condition fulfilled by directing it towards a point in 
right ascension 260'' 51', north declination 31'' 17^^ But 
there is much reason to believe that the position of TnATimnm 
neutralisation — so to call it — ^really lies some fifteen degrees 
further to the east. 

An important modification of his method was introduced 
by Sir George Airy in 1859.' Abolishing the conception of a 
spherical surface of reference, he defined the linear move- 
ments in space of the sun and stars with r^ard to three 
directions at right angles to each other (''rectangular co- 
ordinates "). No assumption of any kind was then needed ; 
the subject was treated with the utmost strictness and gener- 

^ MHnoires pr^ienUBf te iii p. 590. 
' Mnnoira it. Adr, Soe, voL zxviii. p. 148. 
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ality, and some possible causes of eiror were removed. Airy's 
had many points of theoretical superiority over Argelander's 
method. That, however, of introducing the consideration of 
the quantity of each star's movement was to a great extent 
counterbalanced by the necessity which it involved of adopt- 
ing precarious suppositions as to the distances of the classes 
of stars employed. The apex for the solar movement resulting 
from the consideration of 113 stars was situated in RA. 
261'' 29', Dec. + 24* 44' ; while Mr. Main's sunilar treatment 
of 1165 stars shifted it to RA. 263* 44', Dec. + 25V 

This great subject was again investigated by M. Ludwig 
Struve in 1887.' The incitement to undertake a task 
rendered formidable by the very wealth of the materials at 
his disposal, was afforded by Auwers's fresh reduction of 
Bradley's Greenwich observationa From a comparison of 
the star-places authoritatively determined for 1755, with 
those given in the St. Petersburg catalogue for 1855, a list 
of 2814 proper motions was derived, of which 2509 were 
available for M. Struve's purpose. Among the stars for 
various reasons excluded, were the seven swiftest travellers, 
as unduly affecting the result through motions no doubt 
mainly original 

The outcome of this exhaustive discussion was to place 
the apex of the solar motion in RA. 273'' 21', north declina- 
tion 27'' 19', a rate being assigned to it such that the space 
traversed i« a century, viewed square from the average dis- 
tance of a sixth-magnitude star, would subtend an angle of 
4^*3 6. Admitting that stellar distance varies inversely as the 
square root of stellar brightness, hence that stars of the first 
are, on an average, only one-tenth as remote as stars of the 
sixth magnitude, we can, with the help of Dr. EUdn's mean 
parallax for the former class, translate this angular into linear 
velocity. It comes out 14^ miles a second. 

Well-nigh the whole of the stars visible to the naked eye 
in the northern hemisphere concurred in M. Struve's deter- 
mination. It was conducted on Airy's method, likewise 
adopted in 1890 by Lewis Boss in a discussion of 263 proper 
motions extracted from the " Albany zone," the observation of 

^ Memoirs R. Astr, Soe. vol. xzxii. p. 27. 
' MinwirtB de St, FiUrshourg, t. zzzr. No. 8, 1887. 
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which had just then been completed for the Astronomiache 
Gresellschaft Catalogue. He obtained an apex in RA. 280'', 
D + 40*"/ near the quadruple star £ Ljrse ; and recurring to 
the subject in 1901, finally concluded for a point five degrees 
further north.^ A notable attempt, too, was made by M. 
Oscar Stumpe in 1890' to show that the apexes separately 
deduced from various classes of stars shifted systematically on 
the sphere. This seemed to involve the important disclosure 
that the groups of stars considered had distinctive aggregate 
movements, and were hence dominated by different gravita- 
tional influences ; but the effects brought to view have probably 
as much to do with the correction of catalogue-places as with 
the laws of sidereal construction.^ That these are also con- 
cerned, was proved by a research based on the proper motions 
of Groombridge's circumpolar stars, executed by Messrs. Dyson 
and Thackeray at Greenwich in 1905.* Solving their equations 
separately for stars of the first and second spectral types, they 
obtained from the separate collections markedly divergent 
directions for the sun's route, and thus, as the upshot of 
their experiment, laid bare one of the hidden links between 
the dynamical and the physical relations of the stellar 
world. 

A material advance was made towards disentangling the 
intricacies of the solar movement by an innovation in the treat- 
ment of proper motions. It might have been supposed that every 
device for their manipulation had been exhausted, and that the 
decipherment of their perspective significance was complete, at 
least in principle ; yet Professor Kapteyn contrived, in 1893, 
to give it a novel stamp of clearness and certainty. Besolving 
one by one the whole stock of star-movements at his disposal 
along, and at right angles to, the great circle passing through 
a solar apex assumed as the most probable, he succeeded in 
isolating their parallactic element much more perfectly than 
had been done before. The fundamental nature of the 
problem was thus laid bare ; obscurities were dissipated ; and 
there ensued a determination of first-rate authority, according 

1 Astr, Joum, No. 218. « Ibid. No. 601. 

' Astr, Naeh, Nos. 2999-8000. 

« Kapteyn, iHd. Nos. 8721-22, 3859-60 ; Proc. AvuUrdam Acad, o/SeUneet, 
Jan. 27, 1900. 

^ Monthly Notices, yoL Ixv. p. 428. 



Digitized by CjOOQIC 



TRANSLATION OF THE SOLAR SYSTEM 309 

to which the sun's path is directed towards a point in RA. 
274°, D + 30^ just six degrees south of k Lyrse. Its sub- 
stantial accuracy was vouched for by Professor Newcomb's 
masterly researchea^ Profiting by long experience in evading 
pitfaUs and estimating sources of error, he deduced from 2527 
small proper motions a solar apex in RA. 274*, D + 31° ; from 
600 larger, one situated in RA. 277^ D + 31°. Which result 
deserves more confidence, cannot ofiT-hand be decided ; but we 
may hope — ^although this is by no means sure — ^that their 
difference represents the surviving extent of uncertainty. 

The plan of inquiiy just sketched, although it serves 
wonderfully well, on the whole, for the ascertainment of the 
route followed by the solar system in space, avails little 
for determining its velocity. For this purpose, the distances 
of the stars employed as indexes should be known ; and they 
can only be estimated for ranks and classes, more or less 
precariously. Kapteyn and Newcomb have, however, vastly 
improved the method of evaluation, and they agree in fixing 
ten miles a second as the approximate rate of the sun's 
journey. But a more direct way of arriving at it has, in 
recent times, been thrown open. 

We have elsewhere explained the principle of spectroscopic 
determinations of motion.^ Their peculiar value consists in 
their independence alike of distance and of visible displace- 
ment Referring to movements visually imperceptible, they 
complete knowledge of stellar velocities by giving their other- 
wise unknown "radial component&" Apart from this mar- 
vellous application of the spectroscope, the real directions 
pursued by the stars as they travel could never have been 
ascertained, since we can immediately discern only that part 
of their motion lying across the line of sight, which, in 
individual cases, may be all or none. By the spectroscopic 
revelation, however, of motion in the line of sight, the missing 
element is supplied, predse and particular knowledge may be 
had for the asking, and the stars voyage under astronomical 
scrutiny, no longer as mere flitting bright specks on the surface 
of an imaginary sphere, but as suns in space of three dimen- 
sions, each with its secret in petto, and its destiny in reserve. 

1 Attr, Jowm. No. 467, 1899 ; The Stars, p. 91. 
* ffitt. o/Attr. 4th ed. pp. 200, 886 ; anU, p. 186. 
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The effects of recession and approach on the light emitted 
by moving objects being physical and real, they remain 
unimpaired by distance. Out at the verge of the sidereal 
system, or close at hand within our own atmosphere, they are 
the same for the same velocities, and can, with a sufficient 
light-supply, be detected with equal facility. Hence their 
special applicability to the problem of the sun's speed. To 
determine it with very approximate accuracy, it needs only to 
compare the average radial celerity of a good number of stars 
lying in front of the sun's way with that of others he is leav- 
ing behind. Movements of approach must, on the whole, 
predominate in the one direction, movements of recession in 
the opposite, half the mean difference representing the rate of 
transport of our system relatively to the stars used for the 
comparison. The spectroscopic method, nevertheless, did not 
become really effective for this purpose until the twentieth 
century had begun to run its course. Experiments with the 
51 stars radially measured at Potsdam were evidently tenta- 
tive ; ^ they forecasted rather than afforded results. At last, 
in 1901, Professor Campbell,^ having collected with the Mills 
spectrograph data less inadequate to the end in view, deduced 
from them a movement of the solar system towards an apex 
in E.A. 277'' 30,' D + 20^ at the rate of 12^ miles a second. 
The velocity may be depended upon — ^it is unlikely to be 
erroneous by more than a mile per second ; but the direction 
is subject to a somewhat wide uncertainty, especially as 
regards declination. For the 280 stars taken into account 
being situated for the most part in the northern hemisphere, 
the goal determined by their means was proJ)ably displaced 
towards the equator. The deficiency of southern stars will, 
however, be supplied by the work of the " Mills Expedition '* 
now in progress at Santiago ; and a research, based on sym- 
metrically arranged materials, will then be practicable. 

Thus, both the course and speed of the sun and planets 
are not only included in the category of things knowahle, but 
there is every prospect of their becoming known with more 
and more satisfactory exactness in the immediate future. All 

^ Homann, Astr, Naeh. No. 2714 ; Sohonfeld, T. J. S. As^, Ge$. Jahrg. 
xxi p. 58 ; Vogel, Astr, Nock, No. 3150. 
* AsiropK Jcum, toL xiii. p. 80. 
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that is needed is a closer and a wider application of means 
already in the hands of astronomers. Still our cariosity will 
not even then be satisfied. The value of the two items of 
information within our reach is indeed incalculabla They are 
a sine qvd non for the furtherance of inquiries into stellar 
mechanics ; are they to be a ne pltis ultra as well ? 

The sun, we are well assured, is not travelling along a 
straight line. The universality of gravitation makes recti- 
linear movement next to impossible, since no cosmical body 
can traverse space under the sole guidance of its own primi- 
tive velocity. It is true that, supposing primitive velocities 
altogether abolished (and we know of no necessity for their 
existence), any number of bodies might be united into a 
system endowed only with pendulum-like motions. The sun 
and stars might thus, by an abstract possibility, be totally 
devoid of advancing or circulatory movements, each swinging 
for ever to and fro through their common centre of gravity. 
But it is practically certain that this plan is not realised in 
the sidereal system. 

The path of the sun is then a curve, but a curve most 
likely of such vast proportions as to remain for ages indis- 
tinguishable from a right lina Strictly speaking, its direction 
is continually changing ; the apex of to-day will not be the 
apex of to-morrow ; still less will it be the apex of a million 
years hence. Yet in a million years, it may quite conceivably 
not have shifted from its present place in the sky by more 
than the width of the full moon ; and our best determinations 
still £Edl far short of the accuracy which would enable us to 
detect a change of half a dozen times that amount Directly, 
that is to say ; indirectly, a much more insignificant alteration 
might disclose itself. We will endeavour to explain how. 

Fond, who in 1811 succeeded Maskelyne as Astronomer 
Boyal, made the remark that the sun's motion must produce 
a kind of secular aberration of light, by which the stars are 
permanently displaced from their true positions.^ The well- 
known consequence of anmud aberration is to make them appear 
to describe little ellipses, the semi-axes of which depend upon 
the ratio of the velocity of light to the velocity of the earth 

^ Liagre, StUl. de VAead. BruxoUes, t. yiii. p. 168, 1859 ; O. Stniye, 
MimoireSf St P^tenbonrg, t. v. p. 106, 6* S^rie. 
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in its orbit. But the sun's orbital movement being conducted, 
so far as experience yet goes, in one direction, the aberration 
due to it is in one direction too, and is hence constant, and for 
the present beyond the reach of observation. It is, however, con- 
stant only so long as the movement producing it remains sensibly 
so. As the latter changes, it will change too, and may in this 
manner be brought within the domain of human cognisance. 
For upon the acceleration, retardation, or deflection of the 
sun's movement systematic changes among the stars should 
ensue, the nature of which would at once betray their origin. 

The total amount of this secular aberration may be roughly 
stated as one second of arc for every mile per second of the 
sun's velocity. Hence, stars 90^ from the solar apex are 
pushed forward towards it by about 12'', the effect upon 
other stars diminishing with the sines of their distances on 
the sphere from the same point. These aberrational can be 
distinguished from the parallactic displacements similarly 
occasioned by their indifference to remoteness in space. Stars 
far and near, bright and fcdnt, swift-moving and tardy, cure 
equally affected by them. But while it is quite certain that 
visual disturbances of this kind are produced, their interest 
must for a long time remain purely theoretical Indeed, it 
may well be that the modifications rendering them sensible 
and instructive, will proceed with such exorbitant slowness 
that not even astronomical patience will avail to unmask them. 

We do not know the plane of the sun's orbit — only the 
direction of one line in it. And that line, pointing towards 
the constellation Lyra, makes an angle of about 60'' with the 
sun's equator. Thus, the solar movements of rotation and 
translation would seem to be unrelated one to the other ; and 
the planetary revolutions to be similarly independent of inter- 
spatial travelling. Our whole system is driven obliquely 
upward by a power which, taking no apparent account of its 
domestic economy, must have a source disconnected from the 
originating impulse of the heUcoidal gyrations illustrated in 
Fig. 36, from a diagram by Professor Young. 

A remarkable feature of recent improvements in the deter- 
mination of the sun's course through the heavens has been to 
reduce to insignificance its deviation from the plane of the 
Milky Way. This is an implicit testimony to their value. 
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It is difficult to conceiye that course prescribed otherwise than 
by the combined attractions of the galactic myriada The 
most probable supposition as to the situation of the centre of 
force swaying our system is that it lies somewhere in the 
cloudy zone which so enhances the mysterious beauty of our 
skies. If the orbit we are pursuing be approximately circular, 
then its centre must be distant by a quadrant of the sphere 
from the apex — it must lie 
somewhere on a great circle of 
which the apex and anti-apex 
are the polea Now this great 
circle cuts the Milky Way at 
two opposite points in Cassiopeia 
and Centaur, and there, accord- 
ingly, two alternative centres 
of the solar motion might be 
looked for. Argelander chose 
for its position the spot near 
Cassiopeia marked by the 
great cluster in the sword- 
haudle of Perseus ; ^ but the con- 
jecture made no pretension to 
scientific authority, and the 
postulate upon which it was 
based of the sun's path being at all nearly circular is in truth 
of a highly precarious nature. 

We are even ignorant whether the ascertained translation 
of our great luminary represents a primary or a secondary 
order of stellar revolution. It perhaps merely indicates the 
interstitial movement appertaining to the sun as a member of 
a restricted group of stars, the common transport of which 
proceeds undetected in a totally different direction. Hence 
the possibility, suggested by Herschel, of the presence of a 
higher kind of systematic parallax than that revealed in the 
drift of bright stars.' And Professor Campbell wrote, after a 
full century had ripened experience : " The motion of the solar 
system is a purely relative quantity. It refers to specified 
groups of stars. The results for various groups may differ 

1 MimirireB pr^enUif St. Pitenbooig, t iiL p. 602. 
' FhU. Trans, toL Izziii pp. 1276-77. 
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widely, and all be correct."^ So far, however, no tangible 
evidence has been adduced to show that difiPerenoes of the 
kind, grounded in the nature of things, really exist If they 
do, thej escape through the wide meshes of the nets with 
which we capture grosser tsctB. 

Progress is here only possible through careful and minute 
study of the residual movements of the stars— of the move- 
ments, that is to say, which remain afber the general perspec- 
tive effect of the sun's motion has been subtracted, and which 
belong, accordingly, to their individual selves. The questions 
connected with them which most immediately present them- 
selves are these : Has the sun companions on its journey, or 
does it travel alone ? and. Are real stellar displacements 
governed by any obvious law ? 

The great multitude of the stars are, to all appearance, 
indifferent to the transport of our system. They have clearly 
no share in it. Just because they stand aloof, and act as 
indicators of the way, its progress becomes sensible to us. 
For motion is not alone undiscoverable, it is even unimagin- 
able without some fixed point of reference. Yet we cannot 
pronounce with certainty against the existence of a particular 
dynamical bond connecting the sun with some few of the stars, 
which form with it a company associated by subjection to 
identical influences, and engaged on the same journey through 
space. As to the criteria by which such associated stars, if 
present, can be discriminated from the rest, something will be 
said in the next chapter. 

There, too, we will consider what answer should be given 
to our second query. A great deal depends upon it as regards 
our conception of the sidereal universe. Nay, the result of 
inquiry upon the point has a vital bearing upon the subject 
we have just attempted, however inadequately, to deal with. 
For the assumption that the absolute movements of the stars 
have no preference for one direction over another forms the 
basis of nearly all investigations hitherto conducted into the 
translatory advance of the solar system.' The little feibric of 

^ Astroph. Jowm, yoI. ziii. p. 87. 

' Bravais, it is true, discarded the hypothesis of casual proper motions, but 
had to snbstitate for it questionable assumptions regarding stellar masses, dis- 
tances, and velocities.— >/ouiipus< dU LiowtUU^ t. TiiL p. 486. (See Eapteyn, 
As^. Naeh, No. 3722.) 
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laboriously aoquired knowledge regarding it at onoe crumbles 
if that basis has to be removed Profitable inquiry into the 
circumstances of the sun's journey have been rendered 
feasible by the supposition that, for the purpose in hand, the 
movements of the stems may be treated as casual irregularities ; 
should they prove to be in any visible degree systematic, the 
mode of treatment adopted becomes invalid, and its results 
null and void. The point is then of singular interest ; and 
the evidence bearing upon it deserves our utmost attention. 
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CHAPTER XXIV 

THB PBOPEB MOTIONS OF THK STABS 

Whbn the relative positions of the stars are compared at 
considerable intervals of time, they are in many cases found 
to have undei^ne small, but unmistakable changes of a 
seemingly capricious character. These are termed "proper 
motions " to distinguish them from merely nominal shiftings 
due to the slow variation of the points of reference which 
serve to define the places of all the heavenly bodies as seen 
projected on the inner surfsKse of an imaginary concave sphere. 
Proper motions are by no means easy to get at. Only firom 
the most delicate observations, and with stringent precautions 
for bringing those at distant dates under precisely similar 
conditions, can they be elicited with satisfactory accuracy. 
Otherwise, some trifling systematic discrepancies in the com- 
pared catalogues, or oversights in computation, might simulate 
genuine effects of movement, with disastrous influence upon 
sidereal investigations. Hence, proper motions cannot gener- 
ally be regarded as established unless, in addition to the 
terminal observations showing a sufGlciently marked change 
of place in the course of thirty, fifty, or one hundred years, 
at least one intermediate observation is at hand to prove that 
the suspected motion has proceeded uniformly in the same 
direction, and is accordingly not the creation of personal or 
instrumental inaccuracy. 

Although not one among the scores of millions of stars 
can, with any show of reason, be supposed at rest, only 
ten thousand of the stellar army have, up to the present, 
shown measurable and progressive displacements.^ Many of 

* Dyson, Ob$ervcUory, voL zzyiii. p. 276. 
816 
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these, including nearly all the Itictdof of the northern hemi- 
sphere, were observed by Bradley between 1750 and 1762 ; in 
the southern, Lacaille's simultaneous labours serve to authenti- 
cate the changes of some three-score of objects to which he 
devoted especial care. So that a large stock of highly accurate 
data abeady possesses an antiquity of one and a half centuries ; 
the catalogues of Piazzi, Lalande, and Groombridge are of two- 
thirds that age ; while multiplied subsequent observations 
afford a further supply from which &esh and well-determined 
proper motions are continually being harvested from the seed 
planted by an earlier generation. 

The aspect of the heavens is, to the unaided sense, virtually 
unchanging. The constellations disclosed at the present time 
by the nightly withdrawal of the veil of twilight would be 
familiar, could they revive to survey them, to the watchers 
from the towers of Babylon. And most of the star-alignments 
given in our text -books might be as useful to students of 
celestial physiognomy a couple of thousand years hence as 
they are to-day. Every one of the indicated stars will indeed 
most probably, by that time, have shifted its place to the 
extent of many thousands of millions of mile& Yet so over- 
whelmingly vast is the sidereal scale that thousands of millions 
of miles measured upon it sink into insignificance. 

Stems advancing in a century as much as 30'', or about -^ 
the width of the full moon, are counted rapid travellers; 
and the swiftest class, with secular motions of 100'' and 
upwards now embraces about one hundred members. Each 
of these, were it bright enough for ordinary perception, 
would in a couple of millenniums become very sensibly 
displaced even to an unskilled observer. But only a small 
proportion of the quickest stars are visible to the naked 
eye, and only ten reach the fourth magnitude; hence their 
shiftings make veiy little difference in the general effect of 
the starry skie& 

As might have been expected, the stars in most rapid 
apparent movement are among those nearest to the earth. 
Vicinity, in fact, and angvlar velocity vary together. Dis- 
placements on the sphere are large just in the proportion that 
the distances of the objects travelling identically in space are 
smalL Were there any approach to uniformity in the real 
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velocities of the stars, we oould then £Edrly estiinate, from 
their seeming movements, their relative SLtnations as regards 
ourselves. Bat there is no such approach to nniformily. 
Boundless variety prevails here, as in every other branch 
of sidereal statistics. Stars vdth large proper motions axe 
sometimes enormously remote ; and, if stars with large paral- 
laxes and little or no movement have not been discovered, it 
is perhaps because they have not yet been looked for. Their 
ooourrence, for a reason to be presently explained, would be of 
great interest, and is not unlikely to be certified by measure- 
ments on photographic plate& 

But, however great the range of variety, it seems certain 
beforehand that, on the whole, the amount of visible motion 
in a given number of stars must decrease as their distance 
increase& And since their brightness falls off at the same 
time, although much more rapidly, there appears no escape 
from the conclusion that motion and magnitude must, on a 
wide average, vary together according to a definite ratio. 
From stars of the sixth photometric magnitude, for instance, 
we receive only one-hundredth part of the light sent to us by 
stars of the first magnitude ; they must then, one with another, 
be ten times more remote. Otherwise, we should be driven to 
the unwarrantable assumption of a systematic difference of real 
lustre between apparently large and apparently small stars. 
But, if the average distance of sixth-magnitude stars be ten 
times, then their mean motion should be only one-tenth that 
of stars of the first magnitude. Yet in point of fact this 
is not so. The proper movements of classes of stars diminish 
indeed very notably with their brilliancy, but not in the 
computed proportion. The discrepancy deserves attentive 
study. 

The average proper motion appertaining to the sixth 
magnitude, as determined directly by M. Ludwig Strove 
from 647 of Bradley's stars, is 8'' in one hundred years.^ 
Ten times this quantity, or 80", <mght to be the average move- 
ment of stars of the first magnitude. But the mean derived 
from the actually observed shiftings of the twenty brightest 
stars in both hemispheres is only 60". 

Stars of the second magnitude are still more noticeably 

1 Mhnoires de SL PiUrsbourg, t. xxxy. No. 8. p. 8. 
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inert They ahould be, on the photometrio scale, 63 times 
nearer to the earth than stars of the sixth magnitude. This 
would give, for their mean secular motion, 8'' x 6"3 = 50"'4. 
Twenty- two such stars, however, from Bradley's and the 
Pulkowa catalogues, show no more than 17'^ And even this 
low figure more than doubles that representing the average 
movement of forty-two southern stars, of 1*7 to 2*7 magni- 
tudes, forming a descending sequence with the ten of first 
magnitude. Nor is this average improved by considering only 
the first twenty on the list, from fi Grucis of 1*7 to ic Ononis 
of 2*2 magnitude. The swiftest of these (7 Grucis) travels 
only 20" a century; taken all round, they move 8", or with 
exactly the speed of stars presumably more than six times as 
remote! 

The anomaly of low apparent velocity is accentuated by 
the close agreement between M. Struve's results for stars from 
the second to the fourth rank inclusive. A glance at the 
accompanying Table from his Memoir will serve better than 
verbal explanation to make the matter intelligible. The object 
of its compilation was to exhibit the divergence between the 
proper motions actually determined and those computed firom 
the basis of the mean secular displacement corresponding to 
the sixth magnitude. In the fourth column, however, we 
have substituted figures derived from strict photometric star- 
distances for others depending upon a scale of distances in- 
volving dubious assumptions. 

TahU of Sec^Uar Mean Proper Motions of all Bradley's Stars 
differing hy not less than eight-tenths of a magnitude. 
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It will be observed that the velocity of each order brighter 
than the sixth falls short of its theoretical amount, while that 
of the fainter orders exceeds it. We hasten to add that (as 
M. Struve points out) little or no dependence can be placed 
on the above mean rate of eighth-magnitude motion deduced 
from measurements of only eleven objects. 

And now, what are we to think ? How can we account 
for the indicated deficiency of proper motion in the brighter 
stars ? Three possible explanations present themselves. It is 
conceivable that stars, say of the sixth and seventh, are really 
smaller or dimmer bodies on an average than stars of the first 
and second magnitudes, and are consequently less remote than 
they should be on the more natural supposition of their 
equality. Their diminished distance would then at once 
render their extra celerity intelligible. Again, there may be 
a systematic increase of motion outward from the sun, pro- 
ducing in the fainter stars preponderating rates of displace- 
ment. Or thirdly, there may exist a special class of stars 
deficient in light-power, but travelling with exceptional speed, 
by the influence of which the balance of seeming swiftness is 
turned in favour of the less brilliant classes of stars. 

Of these alternatives, the second may be dismissed as 
being at variance with our best information. There remain 
the first and third, neither of which, certainly, represents the 
whole truth, although each not improbably corresponds to 
some partial aspect of it. A harmonious adjustment of their 
claims to credibility is thus difficult to bring about amid the 
jostling of mutually adverse inferencea Professor Kapteyn 
has established, by diligent sorting and sifting of multi- 
tudinous data, the broad principle that proper motion varies 
in amount in the due proportion of distance. But he has 
also established that magnitude is no safe index to distance, 
apart from the discrimination of spectral typea Stars of 
Sirian and helium quality taken all round are, in fact, 2*7 
times more remote than solar stars of the same photometric 
rank. The former accordingly shine with a seven -fold 
intensity comparatively to the latter. Hence, variations in 
the distribution of the spectral genera may greatly perturb 
the methodical progression of observed proper motions. Here 
is one obvious source of anomalies; and the large relative 
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number of ''white" stars included among the four or five 
dozen most lustrous gems of the firmament (see Appendix, 
Table I.) should be noted in this connection. 

It must further be inquired whether stars of all classes, 
and situated in all parts of the sidereal world, are equally 
mobile? Kapteyn and Newcomb agree that systematic 
differences are unapparent ; but line-of-sight measures furnish 
evidence of a more direct kind than that examined by them. 
Now, in classifying the radial velocities of the 280 stars 
employed in determining the solar translation, Professor 
Campbell found their rate to increase notably with fedntness.^ 
Within the scope of his investigation, the result was assured ; 
but its scope was restricted. Individual peculiarities of the 
stars embraced by it may have been concerned. This requires a 
word of explanation. Messrs. Frost and Adams have gathered 
strong indications, from their work with the Bruce spectrograph 
on the 40-inch Yerkes refractor, that helium stars really travel 
in space more slowly than other stars.^ Hence, if objects of 
this kind were represented more largely among the bright, 
than among the jGednter stars on Professor Campbell's list, the 
discrepancies in their rates of movement would be accounted 
for. That their true explanation must be sought in some 
such special circumstance rather than in any systematic 
diversity, ia practically certified by exhaustive statistical 
inquiries, and more particularly by Professor Comstock's 
study of a collection of stars ranging from the ninth to the 
twelfth magnitude.* Their average linecu* velocity, estimated 
by Kapteyn's unexceptionable method, agreed almost precisely 
with that of Campbell's stars, notwithstanding their photo- 
metric inferiority to them, in the mean, by no less than six 
magnitudes. Summing up, then, it appears that stars of the 
same spectral type, wherever situated, possess, in a general 
way, similar movements ; but that helium stars are perhaps 
genuinely slow in pace ; while Sirian stars seem more leisurely 
travellers than solar, merely because they show equally bright 
at a much greater distanca 

Yet the preponderance of small stars in every enumeration 

^ AitropK Jowm, toL xiii. p. 86. 

* Ibid. YoL XYiL p. 246 ; Dtem. PubL vol. viiL p. 105. 

* As^. Jowm. No. 668. 
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of rapid proper motions is a challenging fact Its accepted 
explanation is that the average of stellar size is low — that 
triton-stins are few, minnows numerous. Possibly, however, 
their deficiency is in light rather than in masa A sample 
of the evidence hearing on the point is collected in Table YL 
of our Appendix, which gives the magnitudes and motions of 
the thirty quickest stars of our acquaintance More than half 
are invisible to the naked eye ; the four heading the list have 
a mean magnitude of 7*3 ; no less than eleven range from the 
eighth to below the ninth, while only two stars of the first, 
none of the second, and one of the third magnitude are in- 
cluded in the conspectus. The largest proper motion yet 
detected belongs to an 8*5 magnitude star situated in the 
southern constellation Pictor. Its discovery in 1897, in 
which Kapteyn and Innes co-operated,^ was one of the many 
fruits of sidereal knowledge plucked during the preparation 
of the Cape Photographic Durchmusterung. It superseded as 
the champion racer, and £ar outstrips 1830 Groombridge, an 
insignificant star in the Great Bear, picked out by Argelander 
in 1842 for a rate of progress which would cany it in 185,000 
years round the entire sphere, or in 266 over as much of it as 
the sun's diameter covers. The corresponding annual advance 
amounts to 7^^ ; and it is very nearly equalled by two small 
southern stars observed by Gould during his stay at Cordoba. 
One is a 7*2 magnitude star in the Southern Fish (Lacaille 
9352), the other, one of 8*2 in the constellation Sculptor. 
Next on the roll comes 61 Cygni with a proper motion of 5'''2 ; 
and a Centauri, with 3''*7, has eleventh place. Double stars 
are frequently conspicuous for rapid movement; and it is 
noticeable that three out of the four first -magnitude stars 
with proper motions exceeding one second of arc yearly — 
namely. Sinus, Procyon, and a Centauri — are binariea 
Struve's general inference as to the quicker translation of 
multiple than of simple objects, has received much support 
' from further experience.' 

The " proper motions " of stars include, as was explained 
in the last chapter, an apparent, as well as a real element ; 
they consist, in technical phraseology, of the mottis pared- 

1 Aitr. Naek, Na 84M (Eftpteyn) ; Obiervatory, toL zzii p. 99 (Gill). 
* OftYin J. Bonn, Asinph, Joum. voL xriL p. 67. 
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lacticvs, optically transferred to the whole stellar multitude 
from the single real motion of the sun, and the motus 
pectUiaris, belonging to each individual star. The separation 
of these two constituents, blended together on a cursory 
inspection, is a necessity for progres& This is what Kapteyn's 
mode of analysis aims at, and in a measure accomplifihe& 
For the motion of a star in a direction perpendicular to that 
of the sun's route is altogether its own; it is an objective 
fact; and the comprehensive study of such components of 
stellar velocities, purified by a sort of ''fractionation" from 
parallactic ingredients, afiTords undoubtedly the most promising 
means of gaining insight into the general plan of celestial 
revolution& 

But the motiis peculiaris itself is only a projection upon 
the sphere of a line of travel which may make any angle with 
the line of sight. Its amount then varies with direction no 
less than with distance and actual velocity. A star may 
appear devoid of motion simply because the whole of it is 
" end-on " ; while the movements of others seem large because, 
lying square to the line of sight, they are completely effective 
for apparent displacement. Here, just where ordinary observa- 
tion is baffled, the prismatic method comes to the rescua The 
spectroscope *' takes up the running " for the telescope. 

The alliance could not have been rendered efiTective but 
for the momentous improvements effected late in the nine- 
teenth century in the processes of celestial photography. The 
prerogatives of the camera in this line of work are enormous. 
Not only do the worst mischiefs of atmospheric disturbance 
vanish with its employment, but the upshot of measure- 
ments executed upon one line can be checked or ratified 
by comparisons with other lines in the same spectrum, and on 
the sam6 plate. Where motion is in question, all must be 
equally affected by it ; hence perfect security agajnst illusion 
ia afforded. The full realisation of these advantages through 
Vogel's skilful use of the spectrographic apparatus erected 
by him at Potsdam in 1888,^ thus constituted an advance of 
first-rate importance in practical stellar astronomy. 

The example thus set has been widely followed — in 
America, at the Cape, in Europe at Cambrid^, Pulkowa, and 
1 MonatOmchU, Berlin, liarch 15, 1888, p. 897. 
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Paris. Numerous discoyeries of spectroscopic binarjr Gystems 
ensued, and have been adverted to in an earlier chapter ; but 
they came mostly as unsought gratuities, and were fortunately 
not as efiTective as the apples of Atalanta in diverting endeavour 
from an ultimate goal Besearches into sidereal construction 
are essentially of a statistical character ; they demand large 
bodies of data ; and those concerning radial velocities must be 
rendered comparable in abundance to those already accumulated 
of the projected movements of the stars, before such researches 
can be prosecuted with entire success. Eventually, too, radial 
velocity can be made to serve as a test of mean parallax. It 
may fedrly be assumed that stars travel on an average with 
equal speed along each of the three co-ordinates of cubical 
space. Comparing then the mean radial speed in miles per 
second of a given group of stars with their mean displace- 
ments in seconds of arc along circles of declination or right 
ascension, we at once learn their mean distance, since we thus 
virtually translate angular into linear displacements.^ It is 
true (as can be seen from an inspection of Table VIL in our 
Appendix) that much swifter rates of stellar transport have 
been determined in a tangential direction than in the line of 
sight ; but the inequality may be an accident of investigation 
which its further progress will redress. Meanwhile, there is 
much reason to believe that no general disparity of the kind 
subsists. Estimates of the average total velocity of the stars 
in space were derived by Kapteyn and Newcomb from their 
observed proper motions, and by Campbell from their measmred 
rates of approach or recession. They agreed almost exactly. 
With reference to a fictitious stationary centre of the stellar 
assemblage, a medium star is displaced by 21 or 22 miles 
a second, 12^ miles being the rate of our sun. We are 
accordingly borne along in the train of a somewhat sluggish 
luminary.^ 

Table VIL, 2, gives a list of stars with thwartwise move- 
ments exceeding 25 miles a second. They are sometimes 
called " runaways," because their headlong course seems hardly 
compatible with entire subjection to the sway of gravity. 

The first of these startling examples to become known 

1 Kleiber, Attr, Naeh, No. 8087. 
' Kewcomb, The Stars, p. 804. 
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was 1830 Groombridge. The large proper motion and small 
parallax of this star compel the ascription to it of a speed — 
taking into account only that part of it lying square to our 
view, of at least 150 miles a second — a speed uncontrollable, 
according to Professor Newcomb, by the combined attractive 
power of the entire sidereal universe. For lus calculations 
show that the mayimuTn velocity attainable by a body falling 
from infinity towards and through a system composed of 
100,000,000 orbs, each five times as massive as our sun, and 
distributed over a disc- like space 30,000 light-years in ex- 
tent, would be 25 miles a second.^ But 1830 Groombridge 
possesses more than six times this speed ; and because velocity 
varies with the square root of the attracting mass, a world of 
stars of fully thirty-six fold the potency of that assumed as 
probable would be required to set this object moving as it 
does imquestionably move ! 

Now the velocity producible by an attractive system is the 
limit of the velocity it can control — that is, bend into a closed 
curve. It is then certain that unless the stellar system 
possesses what we may call occult gravitational energies, the 
star in question cannot be one of its permanent members. 
Yirtually in a straight line and without slackening, it will 
pursue its course right across the starry stratum it entered 
ages ago on its unknown errand, and will quit ages hence to 
be swallowed up in the dusky void beyond. There is, how- 
ever, an alternative supposition. The star may be acted upon 
by unknown compulsive influences. 

Lord Kelvin has lately estimated the quantity of gravi- 
tating matter needed to produce velocities such as the 
generality of stars exhibit. He finds it to be that of a 
thousand million suns like our own, evenly distributed 
throughout a sphere with a radius of 3262 light-years.' 
A prodigious lapse of time would further be needed for the 
development, by continuous acceleration, of the observed 
higher rates of speed; nor can we be quite sure that even 
these heroic measures would suffice to produce them. Yet 
they are patent, and not extremely scarce. Groombridge 
1830 is no longer the only "runaway" of our acquaintance. 

^ Pop. Astronomy, p. 499. 
3 Report BrU. Asb. 1901, p. 668 ; NaUtre, toL Ixiv. p. 626. 
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linear stellar speedy apart from that share of it directed 
along the line of sight, exceeds Newcomb's computed maximnm 
of 25 miles a second in about one-third of the cases in which 
it has been ascertained, and the excess is here and there 
very large. Arcturus, for instance, travels at the tremendous 
rate of 257 miles a second, fi Cassiopeia^ at 113 ; while five 
southern stars progress by 60 to upwards of 80 miles per 
second. 

'' Flying stars " can then no longer be regarded as mere 
intruders into stellar society. Whether or not belonging to it 
" for better for worse," they evidently at present form an im- 
portant part of it, and the problem they present cannot be 
excluded from a general consideration of sidereal mechanism. 
Indeed they furnish a most significant index to the workings 
of its secret springs. They pursue their careers, so far as 
observation can yet tell, in right lines, and at a uniform speed. 
Their high velocities would be otherwise less perplexing ; for 
they might plausibly be attributed to the powerful attraction 
of invisible bodies in their neighbourhood, representing, by 
analogy, the rush past the sun of highly eccentric comets. 
But the evidence is wholly against any such hypothesis. All 
proper motions known to ub — whetJier of single stars or 
of the centres of gravity of multiple stars — are sensibly 
rectilinear. The centres of curvature, presumably, of the 
imaginary lines traced out by them, are inconceivably remote. 
A straight Une is only part of the circumference of a circle 
of infinite radius. 

The fact accordingly confronts us that not a few of the stars 
possess velocities transcending the power of government of the 
visible sidereal system. Is that system, then, threatened with 
dissolution, or must we suppose the chief part of its attractive 
energy to reside in bodies unseen, because destitute of the 
faculty of luminous radiation ? The presence of many such 
bodies is unquestionable; and those of which we take in- 
ferential cognisance may be few compared to the multitude 
wholly beyond our ken. The power of the universe is certainly 
reinforced by the dark stars it includes ; but to what extent is 
unknown; and the uncertainty helps to maintain inviolate 
the final secrets of our cosmical environment 

Physical peculiarities are not, in any obvious way, related 
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to ezcessiYely rapid movementa. Aicturus is a solar star, 
showing prominent titanium-absorption, and apparently well- 
advanced towards the Antarian stage. Its mass is presumably 
enormous, since its light-power must be equivalent to that of 
twelve to thirteen hundred suns ! Its nearest competitors in 
swiftness, 1830 Groombridge and /i Gassiopeise, are, on the 
other hand, comparatively unpretending orbs; and neither 
difTers markedly in spectral quality from our sun. Indeed, 
the solar type appears to be more often associated with high 
velocities than any other. Stars with banded and gaseous 
spectra, and variables of all classes mostly exhibit but slight 
signs of displacement ; but this may be an efiTect of remote- 
ness, rather than of genuine inertness. 

An unmistakable connection, however, exists between 
proper motion and sidereal locality. The late Mr. Proctor 
drew attention to the prevalence in certain regions of the sky 
of what he termed " star-drift." ^ Here and there, unanimity 
is, to some extent, substituted for the caprice superficially 
characteristic of the ''peculiar" movements of the stars. 
Amid seeming confusion, order and purpose by glimpses 
reveal themselve& Battalions of stars — ''flying synods of 
worlds " — ^regardless, as it were, of the erratic flittings of the 
casual surrounding crowd, march in widely extended ranks, by 
a concerted plan along a prescribed track, under orders sealed 
perhaps for ever to human intelligence. 

Among the stars situated between Aldebaran and the 
Pleiades, there is little relative movement. They all drift in 
company towards the east, by about 10'' to 20*^ in a century. 
Not, it is true, along strictly parallel lines. A fresh investiga- 
tion by M. Weersma ' of 66 members of the Hyades group has 
brought to view considerable divergences. Dr. Downing's dis- 
cussion,* too, intimates very clearly the division of the main 
cluster into subordinate families, travelling to some extent on 
their own initiative. The general tendency of their course is 
no doubt largely due to the sun's oppositely directed progress. 

Five of the " Seven Stars " (sqptem triones) forming the 
Plough (those excluded being the " Pointer " next the pole, 

* Proe. Boy, Society, voL xriiL p. 1«9. 

* GroiUngon Publieatioju, Ko. 18, 1904. 
* Jowmal Brit. JMr. Ass, vol. xt. p. 28. 
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and 17 at the extremity of the handle), were r^aided hy Mr. 
Proctor as members of a vast united group advancing with, 
though outpacing the sun. This remarkable inference has 
been endorsed hj Professor Newcomb;^ and the reality of 
the visible flow of movement was substantiated by spectro- 
graphic evidence obtained at Potsdam, showing that the stais 
in question are approaching the earth with a common velocity 
of about 18 miles a second.' The system they form has been 
roughly estimated by Dr. Hoffler ^ to be situated at a distance 
of 200 light-yecurs, whence it follows that each must greatly 
exceed our sun in ladiative splendour. One of these linked 
orbs, moreover, cairies with it, as our readers are aware, three 
dependent stars, namely, the Bider-star Alcor, a slowly re- 
volving telescopic attendant, and a more intimate associate 
spectroscopically revealed. 

It is scarcely likely that the combination is self- 
centred. Concordant motion does not necessarily imply the 
mutual revolution of the objects to which it belongs. What 
it does imply is their dynamical connection. But that 
connection need not be of the kind exemplified close at 
hand by the earth and moon. It may rather be such as 
prevails between the earth and Venus, or between Jupiter 
and Saturn. The group in Ursa M^jor, it is safe to assert, 
includes examples of both kinds of relationship. Of the 
movements of two satellites, Mizar {^ Ursae) is the un- 
doubted mainspring. The status of Alcor is dubious. Its 
path at present appears strictly rectilinear ; but latent curva- 
ture relative to the large adjacent star may in time become 
sensible. About the personal independence, however, of all 
the rest of the company there can be no question. Although 
dominated by the same influence, they advance each on its own 
account; nor can their relative situations be looked upon as 
beyond the reach of changa Ultimately, the bond of union 
between them will perhaps even cease to be traceable. Slight 
inequalities betraying difiTerences in the period of revolution 
round the same remote centre may easily co-exist with what 
is known as common proper motion. Such discrepancies can 
alone hold the stars affected by them aloof from binary com- 

1 Th9 stars, p. 80. = H. 0. Vogel, Publicationm, Bd. vii Th. i. p. 154. 

> Asir, Nach, No. 8466. 
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bination. While trayelling along parallel lines, they have 
still a relative velocity exceeding, at their distance apart, the 
power of their mutual gravitation to sway into an ellipse. 
One must hence fall very slowly behind the other, as Saturn 
falls behind Jupiter after conjunction. Evidence of their 
affinity is then only temporarily accessible to ua After 
many ages it will evade recognition. There may be, 
probably are, in distant parts of the sky, stars revolving in 
boundlessly spacious orbits round the same focus of attraction 
with the stars of the Plough; but we have no means of 
identifying them. 

'' Partial systems," governed presxmiably from without, are 
of tolerably frequent occurrenca The first to become known 
was discovered by Bessel in 1818.^ It is composed of a fifth 
and a seventh magnitude star, known respectively as 36 A 
Ophiuchi and 30 Scorpii, thirteen minutes of arc apart, yet 
endowed with an accordant movement of l''*25 yearly. The 
former star has a close attendant ; and an intermediate minute 
object also forms part of the company.' Another interesting 
quadruple group was detected by Flammarion in 1877.* Two 
couples in the Swan, one revolving, the other in appearance 
fixed, separated by an interval of 15^ drift together slowly 
southward in a direction nearly perpendicular to the line of 
march of the sun- Their movement is hence " proper " to 
themselves, perspective effects being unconcerned with it. 
The stationary pair is the fifth -magnitude yellow star, 17 
Gygni, with its bluish satellite at 26" ; the circulating pair 
consists of two eighth-magnitude stars at 3^ numbered 2576 
in Struve's great Catalogue. 

A curious instance of concerted movement is afibrded by 
two ninth-magnitude stars in libra, discovered by Schonfeld 
in 1881 to progress across the sphere at the exceptionally 
quick rate of 3'''7 annually.^ Notwithstanding the wide 
interval (5^ separating them, their advance seems perfectly 
harmonious. They flit side by side, as if rigidly connected 
across a chasm probably some thousands of millions of miles 

^ Fundamenta AUrcnomiiz, p.* 811. 

' Flammarion, Comptes Bendtu, t IzxzY. p. 788 ; Cat. des AoUes Doubles, 
p. 105 ; Innes, Jieferenee Cat, p. 170 A. 
' Comptes JRendus, t, Ixxzv. p. 610. 
* Sitzungaberiehte Jiied&rrtieinisehe (7e5. Bonn, 1881, p. 172. 
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in width. A still wider system, noted by Mr. Innes, is 
formed by two star-pairs in Toucan.^ In neither case have 
measures for parallax yet been executed 

To the question — Has the sun any associate in his journey 
through space? only a provisional answer can be given. 
None are known, but investigations on the point are baiely 
nascent. The peculiarities which we should expect beforehand 
to attend such companion -stars, are comparative proximity 
and relative immobility. They should have sensible parallaxes 
and be devoid both of radial and tangential velocity. Neither 
spectroscopic nor telescopic evidence of motion should be 
derivable from them. No star up to this thoroughly examined 
combines these characters ; but then they could not possibly 
be found in the " proper motion " stars chosen by preference 
as the subjects of parallactic observations. Only in one of 
the stellar points employed for comparison with 61 Gygni has 
their presence been suspected. Dr. Schur measured, in 1899, 
what seemed like a parallactic shift of this nameless star to 
the extent of 0'''6 ; ' and Mr. GrommeUn, having deduced for 
it an evanescent proper motion, threw out the suggestion that 
it might belong to the sun's bodyguard.* The possibility, 
however, depended upon the verification of the parallax, which 
is not known to have been effected. When more has been 
done in photographically registering line-of-sight movements, 
stars may perhaps be discovered sensibly fixed as regards the 
sun, because borne along with him at the same translatory 
speed. The construction of such a group, and the distinctive 
characterisation of its members, might open up a fascinating 
branch of inquiry. But its methods cannot well be established 
until its subject-matter is rendered less evasive. 

If the system formed by the stars be destined to perma- 
nence in its present shape, some general law of movement 
must be obeyed by them. Even if its state be one of pro- 
gressive modification, a definite mode of change ought to 
become apparent. Local irregularities, however, so effectually 
disguise the fundamental harmony that its prevalence may long 
continue a matter of speculative belief. 

The assumption is indeed indispensable, as Dr. Schonfeld 

1 See ante, p. 97. * Astr. Naeh. Ko. S590. 

' Obaervatory, yoL xzii p. 875. 
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pointed out in 1883/ that the motions of the stars are some- 
how related to the plane in which the vast majority of them 
are disposed. For otherwise their actual configuration would 
be a wildly improbable accident of the time in which we live. 
The Milky Way, to put it otherwise, should be regarded as an 
evanescent phenomenon, unsustained by any persistently 
acting forces, the outcome of a hundred millions of casual 
conjunctions. If this be incredible (as it surely is) then we 
are constrained to admit a preference, in the long run, among 
stellar displacements for the grand level of stellar aggregation. 
The Milky Way must be, in some true sense, what Lambert 
called it one and a half centuries ago— -the " ecliptic of the 
stars.'' 

Sir John Herschel imagined the law of harmony to consist 
in a general parallelism of stellar motions, involving a kind 
of systematic circulation, as of a solid body round an axis per- 
pendicular to the galactic plane. Innumerable exceptions to 
any such rule are of course to be found, but they were 
assumed, in the upshot, to be mutually destructive, the main 
" stream of tendency " flowing on irrespectively of them. But 
it is difficult to conceive a physical basis for a quasi-rotational 
system wholly without warrant from experience. More 
plausible is M. Ludwig Struve's view that the main part of 
the revolutions of the stars round their common centre of 
gravity situated in the Milky Way, are performed in planes 
slightly inclined to that of the zone towards which they are 
concentrated.' His attempt, iadeed, to elicit a "rotation- 
component" from the secular movements of Bradley's stars, 
proved unavailing. Yet this is not decisive against the truth 
of an hypothesis compatible with a balanced stellar circulation 
pursued in opposite senses. An apparent drifting movement, 
detected by Sir David Gill in 1902,^ of the brighter stars 
within a southern zone 12'' wide relatively to their fainter 
associates, involves considerations of a different kind. It has 
yet to be substantiated. Every imaginable precaution was 
indeed taken against iasidious errors ; yet such a phenomenon, 
if genuine, should almost necessarily be universal ; and Pro- 

1 r. J. S. Aitr. G€». Jahrg. xWi. p. 256. 

* Mhnairu de St. PiUrsbowg, t. xzxt. No. S, pp. 5, 10. 

> AHr. Naeh. Ko. 8800. 
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feasor Turner^ failed to derive from the Oxford zone-plates 
convincing evidence of its extension to northern staia 

M. Sancken dealt in 1882 with a strictly selected list of 
stars.' He admitted only those within thirty degrees on 
either side of the Milky Way, and possessed of annual proper 
motions not exceeding a quarter of a second. The solution of 
his equations showed these movements to include a common 
element of very slow progressive increase of galactic longituda 
That is to say, the 106 stars considered were being gradually 
swept along the Milky Way in the direction from Aquila up- 
ward towards Cygnus and Cassiopeia, and down past Gapella 
through the Club of Orion towards the Ship. The reality and 
extent of this flow of displacement will be a matter for fiiture 
investigation. Should the one be confirmed, and the other ascer- 
tained,something likeaclue to the labyrinth of stellar movements 
will have been provided. Perhaps the restricted nature of the 
inquiry contributed to its succesa For the exclusion of large 
proper motions was the most efTective mode of sifting out 
stars of the solar type, to which they in the main belong. 
And since this class of bodies are not perceptibly condensed 
towards the Milky Way, they are unlikely to obey any law of 
subordination to it in their revolutions. In this line of 
research, accordingly, as in most others connected with sidereal 
structure, the discrimination of spectral types is prescribed 
under penalty of hopelessly confusing the issua 

^ Monthly NotieeSf vols. Ixiii p. 66, Iziv. p. 8. 
> Astr. Naeh, No. 2482. 
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CHAPTER XXV 

THE MILKY WAY 

The Milky Way shows to the naked eye as a vast, zone- 
shaped nebula; but is resolved, with very slight optical 
assistance, into innumerable small stars. Its stellar con- 
stitution, already conjectured by Democritus, was one of 
Galileo's earliest telescopic discoveries. The general course 
of the formation, however, can only be traced through the 
perception of its cloudy eiffect ; and this is impaired by the 
application even of an opera -glass. Rendered the more 
arduous by this very circumstance, its detailed study demands 
exceptional eyesight improved by assiduous practice in catching 
fine gradations of light. Our situation, too, close to the 
galactic plane is the most disadvantageous possible for pur- 
po^ of survey. Groups behind groups, systems upon 
systems, streams, sheets, lines, knots of stars, indefinitely far 
apart in space, may all be projected without distinction upon 
the same sky-ground. Unawares, our visual ray sounds end- 
less depths, and brings back only simultaneous information 
about the successive objects met with. We are thus presented 
with a flat picture totally devoid of perspective-indicationa 
Only by a long series of inductions (if at all) 4an we hope to 
arrange the features of the landscape according to their proper 
relations. 

To the uncritical imagination, the Milky Way represents a 
sort of glorified track through the skies — 

A broad and ample road, whose dust u gold 
And pavement staia, as stars to thee appear, 
Seen in the galaxy, that milky way, 
Which nightly as a circling zone thou seeet, 
Powdered with stars. 
883 
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In American-Indian &noy a myBterioos " path of bouIb/' 
itB popular Grerman name, "die Jakobsstrasaey" recalls the 
time when it stood as a celestial figure of the way of 
pilgrimage to Compostella. Similarly, in mediaeval England, 
it got the title of " Walsingham Way " by association with 
Our Lady^s Norfolk sanctuary ; while the Dutch dedicated it 
to St. Hilda, and the Finns set it apart for the flitting 
processions of birds. More anciently, in the order of 
ideas initiated by the Accadians, it represented the mystic 
Snake-river of the abyss ^ — the Homeric Ocean-stream navi- 
gated by Odysseus in his voyage to Hades. Superficial 
impressions of homogeneity are, however, replaced, on closer 
inspection, by an aspect resembling rather that of a rugged 
trunk marked by strange cavities and excrescences, and sending 
out branches in all directions. 

The medial Une of the Galaxy is scarcely distinguishable 
firom a great cirde,^ although Professor Newcomb's later 
investigations indicate for it a southward displacement of 
nearly two degrees.' This would imply our position to be 
somewhat north of the main level towards Coma Berenices ; 
but whether it is central or eccentric there is nothing to show 
decisively. The movements of the earth bear no obvious rela- 
tion to the starry collection around it. Neither the equator nor 
the ecliptic manifests any trace of conformity to its plana The 
great circle of the Galaxy is inclined about sixty-three degrees 
to the celestial equator, which it intersects in the constella- 
tions Monoceros and Aquila. It passes in Cassiopeia within 
twenty-seven degrees of the north pole of the heavens, in 
Crux, as near to the south pole, while its own poles are 
located respectively in Coma Berenices^ and Cetua Over 
two-thirds of the celestial circuit, the general unity of this 
stupendous structure is preserved. Broken, however, neex 
a Centauri by the interposition of a great fissure, it is only 
regained, after an interval of some 120^, through the re- 
union, in the neighbourhood of e Cygni, of the separated 
portion& Involuntarily, the image presents itself of a great 

^ R. H. Allen, Star Names and their Meanings, pp. 374-79. 
^ Gonld, Uranometria Arffentina, p. 870. 

* Nature, toL Ixz. p. 808. 
* RA. 12>» 4im Dec. +26' 48' (Newoomb). 
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river, forced into a double chaBnel by an encounter with a 
powerful obstacle, the removal of which lower down permits 
its waters to flow together again. The intervening long strip 
of islanded rock and gravel might stand for the great rift 
between the branches of the sidereal stratum, which, although 
to the eye, owing to the effect of contrast with the " candid 
way " on either side, darker than the general sky, is in reality 
nowhere qidte free from nebulous glimmerings. It is en- 
croached upon by fringes, effusions, and filaments, spanned by 
bridges of light, and here and there it is half filled up by 
long, narrow, disconnected masses, or luminous pools, lying 
parallel to the general flow of the streanL One such 
" brilliant and tortuous streak '' ^ extends, in almost complete 
isolation, over nearly 20"", from the tail of Serpens across a 
comer of the Shield of Sobieski Moreover, only the more 
easterly of the two principal branches — that traversing Aquila 
and the bow of Sagittarius — is continuous. The other, after 
covering part of Scorpio " with a complicated system of inter- 
laced streaks and masses,"^ dies out in Ophiuchus, about 
fifteen degrees south-west of the termination, just at the 
equator, of the arm sent out to meet it through Gygnus. The 
gap is, nevertheless, partially veiled by a fiednt luminous 
extension from the south, and shows as absolute only over 
some five degrees of the sphere. 

This is not the sole interruption to the course of the 
Milky Way. Another, visually, though not photographically 
apparent,^ cuts sheer across the undivided stream in Argo. 
Here, at south declination 33'', the formation. Sir John 
Herschel says, "opens out into a wide, fan-like expanse, 
nearly 20"" in breadth, formed of interlacing branches, all 
which terminate abruptly in a line drawn nearly through X 
and 7 Argfia"^ On the opposite, or eastern side of a 
moderately broad blank space, a similar assemblage of branches 
converges upon the variable star 17 CarinsB. There is an 
obvious correlation of structure on either side of the chasm ; 
subdivisions mutually correspond; the broken series on one 
margin is resumed on the other. The impression is strongly 

1 Uran. Argeni. p. 881. * Herschel, OuUinM, art 789. 

* H. C. Bnesell, Monthly Notices, toL IL p. 496. 

< Outlines, art 787. 
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conveyed that star-strata once united, have here yielded 
to the influence of some unknown dispersive force or forces, 
perhaps still in operation. Yet we can scarcely hope ever 
to command the means of testing the conjecture. For the 
proper motions of the £Ednt telescopic stars near the edges of 
the gap, are no doubt of such excessive minuteness that 
centuries, nay, millenniums may pass before they can become 
perceptible. 

The representation of the Milky Way as a uniform starry 
stream is purely conventional Its real texture is of a curdled 
or flaky description.^ Between Perseus and Sagittarius, Sir 
William Herschel counted eighteen luminous patches, "re- 
sembling the telescopic appearance of large, easily resolved 
nebulae";' and his son perceived the lucid ramifications in 
Sagittarius to be made up of ''great cirrous maases and 
streaks," the appearance, as his telescope moved, being " that 
of clouds passing in a sctid, as the sailors call it." Further 
on, he remarks : " the Milky Way is like sand, not strewed 
evenly as with a sieve, but as if flung down by handfuls (and 
both hands at once), leaving dark intervals, and all consisting 
of 14th, 16th, and 20th magnitudes,' down to nebulosity, in a 
most astonishing manner." ^ 

The bright spaces of the galactic zone are commqnly sur- 
rounded and set oiBT by dark winding channels, and the rapid 
alternation of amazingly rich with poco:, or almost vacant 
patches of sky, ia a constantly recurring phenomenon,^ 
associated by Mr. Maunder^ with slow processes of stellar 
agglomeration. The most remarkable instance occurs in the 
Southern Cross, the brilliant gems 6f which emblazon a 
broad galactic mass very singularly interrupted by a pear- 
shaped black opening eight degrees long by five wide, named 
by early navigators the " Coed-sack." This yawning excava- 
tion figures in Australian folk-lore as the embodiment of evil 
in the shape of an Emu, who lies in wait at the foot of a tree 

* Houzeau, UranonUtrie G&nAraU, p. 16, 1878 ; Klein, JFocUntehri/t fUr 
Asir. 1867, p. 288. 

» Phil. Trans. toI. civ. p. 282. 

* Herschel's «20th magnitude" corresponds approzixnately with the 14th 
on the photometric scale. 

* Cape Obiervationi, p. 888. " Herschel, (hUlines, arts. 790, 797. 
' Knowledge, toI. zriii p. 86. 
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represented hj the stars of the Gross, for an opossum driven 
by his persecutions to take refuge among its branches.^ The 
legend reads ahnost like a Christian parable. The denudation 
of the Goal-sack is, however, shown hj Mr. H. C. Bussell's 
photographs to be complete only towards its northern end.' 
To the south, a considerable invasion of small stars modifies 
the contrasting darkness. 

Partial galactic vacuities, evidently of the same nature 
with the southern Goal- sack, occur elsewhere, notably in 
Gygnus ; but they are inconspicuous to casual observers. A 
remarkable doubly perforated star -cloud is exhibited in 
Plate XIX. from a photograph taken by Professor Barnard 
in 1892. It makes part of the vivid scenery of the Milky 
Way in Sagittarius. 

An admirable delineation of the formation, so far as it 
is visible in the northern hemisphere, was completed at 
Parsonstown in 1889 by Dr. Otto Boeddicker, after five years of 
labour, amid climatic conditions of the least propitious sort. 
The general eiBTect may be best described as that of a thick 
stem of light, closely set with curvilinear ramifications ; the 
stem itself being riddled with dusky convolutions, intricate 
passages, and " horse-shoe " or " key-hole " apertures, separated 
by lustrous wisps and nebulous "pointed archea" The 
circumstance that " feelers are thrown out towards nebulae 
and dusters,^ is of profound interest. Thus a feeble branch 
starting from a Gassiopeise terminates at the Andromeda 
nebula. The Pleiades stand at the peaked summit of a 
dim vault springing, on one side, fiom near fi Tauri, on the 
other, &om e Aurigse. The Hyades are separately involved ; 
Prsesepe is all but leached by a long streamer issuing from the 
vicinity of fi Ganis Minoris ; while a thin sinuous effusion, 
perhaps of a spiral nature, includes the great nebula in its 
sweep through Orion. The subject was next prosecuted by 
M. Easton of Botterdam. His galactic charts^ are of high 
authority; and, following up the initiatory efforts of M. 
Houzeau, he has lately studied, with instructive results, the 
intimate structure and sidereal relations of the great zone by 

1 HaePhenon, Joum, E. Soe. N.3. WeUe*, 1881, p. 72. 

■ MimaOyNolieu, toL li. p. 40. ' Ibid. toL L p. 12. 

« La FoU LaeUe, PariB, 1898. 

33 
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means of " isophotal curves^" ^ or contoor-lineB of Imnmosity. 
Visual records, however, of barely perceptible details cannot 
be entirely satisfiEtctory, their agreement being impaired by 
individual diversities both of purpose^ and of faculty; and 
they have been largely, though not wholly superseded, by the 
promptly-secured impressions of the impartial and impersonal 
sensitive plate. 

The Milky Way varies greatly in lateral extent A 
brilliant stream no more than three or four degrees wide 
where it enters the CSross, it expands to fiiUy twenty-two 
degrees in the bifdrcated section stretching from Ophiuchus 
to Aquila. At some spots, too, the nebulous effect to the eye 
fades away imperceptibly along the margins ; ' at others, the 
line of demarcation is so sharp that a telescope may have one- 
half of its field crowded with galactic stars, while the other 
half is well-nigh blank.^ A definite semi-circular boundary, 
for instance, limits the formation near ^ Aquilae ; its southern 
edge in Ophiuchus was remarked by Sir John Herschel, as 
" terminated by an irregular nebulous fringe as if lacerated " ; ^ 
and marginal projections, knobs, and bristling outliers are easily 
perceptible elsewhere. The prevalent rule seems to be that 
the smaller the stars considered, the more abrupt is the 
commencement of the Milky Way ; while a more and more 
gradual condensation accompanies each step upward in 
brightnes&^ 

Sir William Herschel was perfectly satisfied that, with 
his 20-foot reflector (equivalent to a modern refractor about 
14 inches in aperture), the Milky Way was, in general, 
" fathomable.'^ The stars composing it, that is to say, were 
of definite numbers, and appeared projected upon a perfectly 
black sky. But this was not so everywhere; certain parts 
completely bajffled the penetrative faculty of his instrument 
One such was met with in Cepheus, where he found the small 
stars to become ''gradually less till they escape the eye, so 
that appearances here favour the idea of a succeeding, more 

^ Za DistrtbuHon de la LumUre ChtUbctiqiu, Ainsterdam, 1903. 
» IHd. p. 7. 

* W. Herschel, PhU. Tran$. yoL dr. p. 283. 

* Proctor, Univeru of Stars, p. 86. 

' Klein, WoeTi^ntehri/t, 1867, p. 285 ; J. Herschel, Cape HmtUi, p. 889. 

* Oeloria, Memorie del B. IstUtUo LowhardOi t, ziy. p. 837. 



Digitized by CjOOQIC 



PLATE XIX. 




Perforated Galactic Group in Sagittarius. Photograplied by E. E. Barnard. 



Digitized by VjOOQIC 



Digitized by CjOOQIC 



THE MILKY WAT 339 

distant clustering part." And he remarked^ in exploring 
between Sagitta and Aquila, that "the end of the stratum 
cannot be seen."^ Again, in the galactic branch traversing 
Ophiuchus, Sir John Herschel encountered " large milky 
nebulous irregular patches and banks, with few stars of visible 
magnitudes"; he described "a very large space" of the 
Milky Way in Sagittarius as *' completely nebulous like the 
difi^ised nebulosity of the Magellanic Cloud " ; ^ and observed 
a similar spot in Scorpio, "where, through the hollows and 
deep recesses of its complicated structure, we behold what has 
aU the appearance of a wide and indefinitely prolonged area 
strewed over with discontinuous masses and clouds of stars 
which the telescope at length refuses to analyse." ' 

Even with the best telescopes of recent construction, this 
perplexing and indeterminate aspect cannot be altogether got 
rid o£ Professor Holden could obtain with the 36 -inch 
lick achromatic directed to the Milky Way *' no final resolu- 
tion of its finer parts into stars. There is always the back- 
ground of unresolved nebulosity on which hundreds and 
thousands of stars are studded— each a bright, sharp, separate 
point." ^ The lingering nebulosity was strongly indicated to 
be of stellar nature, but whether it was due to the presence of 
innumerable small stars mixed up in the same region with 
larger ones, or to the indefinite extension into outer space of 
galactic agglomerations could not be pronounced off-hand. 

The explanations attempted of these complicated pheno- 
mena may be divided into disc- theories, ring- theories, and 
spiral -theories. The " disc -theory " of the Milky Way was 
first propoimded by Thomas Wright of Durham in 1750. 
He supposed all the stars to be distributed in a comparatively 
shallow layer, producing an annular effect by its enormous 
lateral spread. Irregularities, he thought, were pcurtly due to 
our eccentric position within the stratum, partly to " the 
diversity of motion that may naturally be conceived amongst 
the stars themselves, which may, here and there, in different 
pcurts of the heavens, occasion a cloudy knot of stars." ^ 

* PhU, Trans, vol. cvii. p. 826. 

' Cape Observations, p. 389. * Outlines o/Astr. art 798. 

« Sid. Mess. August 1888, p. 298. 

' An Original Theory of the Uhiveru, p. 68. 
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To this view Sir William Herscbel gave wide currency 
and apparent stability by the application to its support of 
his ingenious method of " star - gauge&" By counting the 
stars simultaneously visible with his great reflector in various 
portions of the sky, he showed that their paucity or abundance 
depended upon the situation of the gauge -fields relative to 
the Milky Way. In its neighbourhood, stars were copiously, 
away firom it, they were sparsely distributed. And this by a 
regular progression of density from the galactic poles to the 
galactic equator, the latter region being on an average thirty 
times richer than the former. Now, if we were to admit, as 
Herscbel did, a nearly equable scattering of stars in space, there 
would be no alternative but to suppose the sidereal system ex- 
tended in any direction proportionately to the number of stars 
seen in that direction. Their crowding should,on that hypothenis, 
be purely optical — the effect of the indefinite spreading out 
in the line of sight of their evenly serried ranks. Sounding 
the star-depths upon this principle, Herscbel measured the 
length of his line by their seeming populousness, and con- 
structed, &om the numerical data thus obtained, the " cloven 
disc" model, long accepted as representing the true form of 
the stellar xmiverse. 

But his own observations at the very moment of enouncing 
this theory, fatally undermined it. Already, in 1785, he 
remarked that two or three himdred " beginning, or gathering 
clusters," might be pointed out in the galactic system, and he 
surmised its eventual separation, " after numbers of ages," into 
so many distinct " nebulae."^ " Equable scattering," then, was 
an ideal state of things long since abolished by the ''ravages 
of time." The conviction that such was the case grew with 
his experience. '' The immense starry aggregation " of the 
Milky Way, he wrote in 1802* "is by no means uniform. 
The stars of which it is composed are very unequally scattered, 
and show evident marks of clustering together into many 
separate allotmenta" Kor did he fail to perceive, from the 
gradual increase of brightness towards the centres of these 
"allotments," that they tended to assume a spherical form, 
and thus suggested " the breaking-up of the Milky Way, in 
all its minute parts, as the unavoidable consequence of the 
1 Phil. Trans. voL Ixxv. p. 265. • Ibid, vol xcii p. 495. 
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clustering power arising out of those preponderating attractions 
which have been shown to be everywhere existing in its com- 
pass." ^ The formal announcement of his conviction " that 
the Milky Way itself consists of stars very diflFerently scattered 
from those which are immediately about us/' ^ amounted to a 
recantation of the principle of star-gauging. 

With it disappeared from Herschel's mind the conception 
of an optically-produced galaxy. In his ultimate opinion the 
actual corresponded very closely with the apparent structure : 
it was composed^ that is to say, mainly^ if not wholly, of real 
clouds of stars. Credit was thus restored to the early im- 
pression of Galileo, who in 1610 described the Milky Way 
as "nothing else but a mass of innumerable stars planted 
together in clustera" ^ 

Wilhehn Struve's^ effort towards the reorganisation of 
the stratum-theory, though aided by all the resources of his 
great ability and address, could scarcely be counted as a step 
in advance. Substituting for the hypothesis of equable dis- 
tribution that of concentration in parallel planes^ he imagined 
the average interval of space between the stars to diminish 
regularly with approach to the central horizon of the system. 
The swarming aspect of the Milky Way was hence interpreted 
as agreeing with fact, but the annular appearance as being 
illusory. Of illimitable dimensions, the system was conceived 
to stretch away, still preserving its specific character, to an 
infinite, or at least unimaginable remoteness, comparatively 
narrow visual bounds being set to it by a supposed extinction 
of light. 

But the quasi-geometrical regularity of Struve's galaxy is 
belied by innumerable details of the original The swell of 
the tide of stars towards the galactic plane is neither uniformly 
progressive,* nor does it proceed without conspicuous inter- 
ruptions. Thus, the region near the horns of Taurus, although 
close to the Milky Way, is absolutely the poorest in the 
northern hemisphere ; * and it is matched in the southern ^ by 

^ Phil Tram. toL cir. p. 282. * Ihid, toI. zdi. p. 480. 

* Sidereua Nuneitu, tnna. by E. S. Carlos, p. 42. 

* AwUs d^Aitronamie SUllavre, 1847. 

' G. S. Peiree, Ha/rvard Annals, toL ix. p. 174. 

* Argelander, Bon/Mr Beob, Bd. t. Binleiiung ; Pro6tor, Univir$e of 8tar$, 
p. 32. ' Thome, Cordoba DwrekmuUentng, Introduction. 
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an almoBt clean-swept space in Scorpio, on meeting which Sir 
William Herschel exclaimed in amazement, " Hier ist wahr- 
haftig ein Loch im Himmel ! " But it is the openings in the 
formation itself which most decisively negative the stratum- 
theory in any of its modifications. Is it credible that a 
boundlessly extended layer of stars should be pierced, in many 
of its densest portions, by tunnels converging directly upon 
our situation within it ? ^ No sane mind, we venture to say, 
realising all that such an affirmation implies, can assent to it. 
But, indeed, the entire conformation of the Milky Way — its 
streaming offsets, convoluted windings, promontories, and 
sharply bounded inlets, no less than its breaches of continuity 
— is absolutely irreconcilable with the hypothesis of optical 
creation out of star-materials equably distributed. 

We seem then led to the alternative belief that it is a 
definite structure, at a definite distance from ourselves — a 
belief forced upon Sir John Herschel by his Gape experiences, 
notwithstanding his natural reluctance to drift far away from 
the position originally taken up by his father. The shape 
suggested by him for the galaxy was that of " a flat ring, or 
some other re-entering form of immense and irregular breadth 
and thickness." ^ Expanded indefinitely along , the central 
plane, the new model scarcely differed from the old except in 
so far as the idea of homogeneous construction was given up. 
The disc remained, but with its centre scooped out. The solar 
system was located in an enormous space of relative vacuity. 

The Milky Way, thus r^arded, appeared to consist of an 
indefinite number of stellar collections '' brought by projection 
into nearly the same visual line" — to represent the fore- 
shortened effect (more especially at a particular spot in 
Sagittarius) of *' a vast and illimitable area scattered over with 
discontinuous masses and aggregates of stars in the manner of 
the cumuli of a mackerel - sky." ^ But in an assemblage of 
this nature seen edgewise, a '' Goal-sack " would be a pheno- 
menon as anomalous as in a uniform stratum ; nor could it, 
without violent improbability, be conceived of as rent by the 
colossal fractures dividing the actual Milky Way in Argo and 
Ophiuchus. 

1 Proctor, he. eU. p. 15. > Outlines, art. 788. 

* Cape ObsenKUions, p. 389. 
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To remedy these inconvenieiioes, Professor Stephen Alex- 
ander devised in 1852/ upon the model of the wheel-shaped 
nebula in Virgo (M 99), a spiral galaxy with four curvilinear 
branches diverging from a central cluster formed by the sun 
and lucid stars. By properly adjusting the mode of projection 
of these radiating star-streams, the effects of rifts and coal- 
sacks were duly produced ; but the arrangement, however 
admired for ingenuity, gave no persuasion of reality, and 
quickly dropped out of remembrance. Essentially different, 
although with some features in common, was that by which 
Mr. Proctor replaced it in 1869.' Bather than a "spiral," 
indeed, the new design resembled a bent and broken ring, 
with long, riband-like ends, looped back on either side of an 
opening, accommodated to the shape of the gap in the visible 
structure in Argo. One of these loops, by the apparent 
intercrossing of its near with its remoter branch, was sup- 
posed to generate the Coal-sack in Crux; while the other 
end, trailing lengthily backward, afforded a deceptive effect 
of bifurcation. Excessive distance was invoked, as in Professor 
Alexander's scheme, to explain the cessation of nebulous light 
in Ophiuchus. 

Of the manifold objections to which this hypothesis is 
liable,^ only two need here be mentioned. In the first place, 
it involves a wholly inadmissible rationale of the openings seen 
in the Milky Way. If these were due to the interlacing by 
perspective of branches really far apart in space, the enclosing 
luminous formation should be markedly fiednter on one side 
than on the other. But this is not so. The borders of the 
southern Coal-sack are approximately of the same brightness 
aU round. A single vivid mass has obviously been the scene 
of what, in the absence of better knowledge, may be described 
as an excavatory process. 

Again, on the spiral theory, the great rift in the Milky 
Way should represent the interval between branches mutually 
disconnected except through the optical effect of projection. 
But their mutual dependence is manifest They strike apart 

* Aglr. Joum. voL iL p. 101. 
' IfaiUMy Notiees, toL xxx. p. 50. 

' See Mr. J. R. Sutton's remarke, Ilhuiraied Science Monthly, yoI. ii. pp. 
68, 199 ; Knowledge, toL ziy. p. 41 ; Baston, ibid, vol. xxi p. 12. 
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giaduallj, and as the result of changing conditions. Pre- 
monitory cavities seem to announce their impending separa- 
tion ; and even after it has become definitive^ abortive efforts 
towards reunion are indicated bj the correspondence of oppo- 
site projections and hj the occasional bridging of the fissure. 
The bifurcation is beyond question a physical reality. 

The prevalence of spiral forms among the nebuke, em- 
phasised by Keeler's photographic explorations, adds weight to 
the arguments for assigning a more or less similar structure to 
the great firmamental zone. M. Easton has illustrated the 







Pio. 87.— The GftlActie Spiral (Baston). 

subject by a plan-sketch, copied in Fig. 37. It does not profess 
to give "even an approximate representation of the Milky 
Way, seen from a point in space situated on its axis," ^ but 
merely to indicate a possible mode of distribution of stellar 
accumulations by which the observed phenomenon might be 
produced. A remarkable bright patch of the Milky Way in 
Gygnus serves in it as the nucleus of the convolutions. The 
sun's position, though central, is detached from them. 

Some such design strongly tempts thought. It is recom- 
mended by analogy ; it is recommended also by its adaptability. 
A multitude of facts, at first sight incongruous, are combined 

^ Astroph, Joum, rol. xii. p. 167. 
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hj it into plausible unitj. The ring-theory may be said 
to have broken down when Celoria^ found it necessary to 
establish a double annular system. His researches, together 
with those of Plassmann, Seeliger, and Easton, leave no 
doubt that the various sections of the starry girdle diJBTer 
prodigiously in distance. Moreover, it seems impossible so 
to place the sun in such an enclosing structure as to 
get a reasonable explanation of these diiSerences without 
having recourse to further complexities of artificial anange- 
ment. True, no design corresponding in any degree with 
what appears, can be other than intricate. Were it permissible 
to adopt the opinion that the Milky Way is very much what 
it seems, we should describe it as a ring with streaming 
appendages extending from the main body in all possible 
directions, some nearly straight towards, or away from us, 
others at every imaginable angle with our line of sight. The 
results in perspective foreshortening would evidently, under 
these circumstances, be highly complex; the eye being pre- 
sented with groups and streams of stars, immensely various in 
remoteness, but all projected indiscriminately upon the same 
zone of the heaven& Thus, while some branches, pursued 
along their outward course, fade at last into dim nebulosity, 
other Milky Way groups may be distinguished as bright 
separate stafs, because much nearer to us than the generality 
of their associates. Closed rings, however, are beginning to 
appear alien to the cosmic plan of structure Nebuke pre- 
senting that aspect are, perhaps without exception, resolvable 
into helical or spiral figures. And it would be hazardous to 
assert that the Milky Way lies outside the mysterious law 
imposed upon minor aggregations. 

Its internal organisation is of ba£9ing intricacy. It collects 
within its ample round, there is every reason to suppose, an 
absolutely endless variety of separate systems. A multi- 
tudinous aggregate of individual clusters, it is composed more- 
over as a whole very much like one single cluster on a colossal 
scale. Its fringed edges, its rifts and vacuities, are, as we 
have seen, reproduced in miniature in numberless star-groups. 
" Eings," and " sprays," and " streams " of stars are unmistak- 
ably common to the two orders of formation ; and the stellar 
1 Memorie del R. IttUnio Lombardo, t, ziv. p. 82. 
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constituents of both aie frequently involyed with gaseous 
nebulae in a way showing most intimate association by origin 
and development. The laws then governing stellar aggregation 
in the one case govern it also in the other ; and so, from this 
direction independently, we again reach Herschel's conclusion 
that the Milky Way " consists of stars very differently scattered 
from those which are immediately about us." 

But are these stars sunSy co-ordinate with our own? or 
must we regard them as comparatively insignificant bodies, 
sharing a sun-like nature, indeed, but on a far lower level of 
power and splendour? The question is equivalent to this 
other perpetually recurring one, What is their average dis- 
tance from ourselves ? In what portion of space do the true 
galactic condensations occur? How far outward should we 
have to travel before finding ourselves actually in the midst 
of the crowded objects producing, to terrestrial observers, the 
" milky " effect of a nebulous stratum ? 

Certain knowledge in this matter is not to be had ; indica- 
tions and probable estimates have to take its place. Professor 
Newcomb, as the upshot of a discussion embracing all the 
available facts, arrives at the conclusion that the Milky Way, 
in most of its sections, is no nearer to us than would be 
signified by a parallax of one-thousandth of a second,^ corre- 
sponding to a light-journey of 3200 years. Now our sun, if 
thus unimaginably removed into space, would shrink to a star 
of the fifteenth magnitude; it would seem just one of the 
grains of shining sand coagulated into heaps out near the 
confines of the sidereal world. Presumably, then, a large pro- 
portion of the lustrous specks forming, in their unnumbered 
aggregate, the nebulous arch amid the constellations are really 
suns on the scale of our own. They are, however, pretty 
evidently intermingled with many smaller globes, and with 
some vastly larger. M. Easton has succeeded,^ by detailed 
comparisons, in establishing a correlation between galactic 
structures and the stars, from about the sixth to the fifteenth 
magnitudes, enumerated by Argelander and others. The in- 
ference is thus rendered compulsory that a percentage of these 
comparatively bright orbs are genuine constituents of the clusters 

* The stars, p. 817. 
* Distribution de la Lumih-e Qalaetique, p. 24 ; Kewcomb, The Stars, p. 278. 
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with which they are collineated. There are besides strong 
grounds for the belief that many, if not most, of the bluish 
brilliants giving helium spectra dominate these comprehensiye 
groups. Mr. Banjard pointed out in 1891,^ from the evidence 
of Mr. H. C. Bussell's photographs, that the chief luminary 
of the Southern Cross is centrally situated in a curiously 
symmetrical little cluster of excessively faint stars ; and the 
irresistible conclusion of its being physically related to them 
may be safely applied to a number of other lustrous objects of 
the same spectral class. The range of actual size and splendour, 
then, among the components of galactic star-drifts is astonish- 
ingly great — ^much greater, in Professor Newcomb's opinion, 
than in ordinary detached clusters, such as the Pleiades, or 
the double Sword-handle group. The helium stars of the zone 
are, indeed, veritable tritons amidst shoals of minnows; 
they are frequently of a magnitude transcending the powers 
of imagination to realise, while their dwarfed associates may 
well be of average sun-like statura 

The Milky Way clouds are not condensed from the general 
contents of the sidereal heavens ; they are markedly distinct. 
Their spectral peculiarities make this clear. They are built 
up, essentially and fundamentally, out of Sirian stars ; ' those 
of the solar and Antarian types seem to be totally absent 
from them. They include, however, nearly all the helium and 
bright-line stars that exist ; but they are relatively few ; they 
scarcely count as ingredients ; they are rwri nantes in gurgite 
vcuto. Many galactic tracts, too, are suffused with a phos- 
phorescent glow; they harbour nebulous formations which 
only the photographic camera, through its faculty of persistent 
gazing, has been able to actualise and define, lliis surprising 
characteristic afiTords an additional proof that cosmic conditions 
of a special kind prevail in the enigmatical girdle which 
enclasps the mystery of the universe. 

From a most careful study of the Milky Way at Cordoba, 
where it was seen to peculiar advantage. Dr. Gould inclined 
to regard it as the product of two or more superposed galaxies.' 
The fact of the two narrowest and brightest, and the two 

1 KnowUdge, yoL xiy. p. 112. 
* Pickering, Harvard Annals, yoI. Ivi. p. 25. 
' Uran, Argentina, p. 881. 
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most diffused parts lying in pairs opposite to each other 
is oertainly remarkable, and lends some countenance to 
the surmise that the " necks " in Cassiopeia and Crux really 
represent the intersections of the two crossed rings visibly 
diverging in Ophiuchus. M. Celoiia, too, as we have seen, 
adopted the hypothesis of a compoimd Milky Way, but of 
such a form as to allow the possibility of one of its constituent 
annuli being comprehended by the other. The transition to 
a trae spiral shape was thence easily effected, and a wider 
range of facts was rendered capable of theoretical accommoda- 
tion. What is unmistakable is that the entire formation, 
single or compound, while individual and specific, is yet no 
isolated phenomenon. The contents of the firmament are 
arranged mainly with reference to it It is a large part of a 
larger design exceeding the compass of finite minds, to grasp 
in its entirety. 
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CHAPTER XXVI 

STATUS OF THE NEBULA 

The question whether nebuke are external galaxies hardly 
any longer needs discussion. It has been answered hj the 
progress of research. No competent thinker, with the whole 
of the available evidence before him, can now, it is safe to say, 
maintain any single nebula to be a star system of co-ordinate 
rank with the Milky Way. A practical certainty has been 
attained that the entire contents, stellar and nebular, of the 
sphere belong to one mighty aggregation, and stand in ordered 
mutual relations within the limits of one all-embracing scheme. 
All-embracing, that is to say, so far as our capacities of know- 
ledge extend. With the infinite possibilities beyond, science 
has no concern. 

The chief reasons justifying the assertion that the status 
of the nebulsB is intra-galactic are of three kinds. They 
depend, first, upon the nature of the bodies themselves; 
secondly, upon their individual stellar associations; thirdly, 
upon their systematic arrangement as compared with the 
systematic arrangement of the stars. 

The detection of gaseous nebuke not only directly demon- 
strated the non-stellar nature of a large number of these 
objects, but afforded a rational presumption that the others, 
however^ composed, were on a commensurate scale of size, and 
situated at commensurable distance& It may indeed turn out 
that gaseous and non-gaseous nebulae form an unbroken series 
rather than two distinct classes separated by an impassable 
barrier. Their spectra have perhaps more in common than would, 
at first sight, be supposed. For the vivid rays of green nebuke 
are superposed upon a gauzy background of continuous light, 

849 
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which appears to be resolyable into a multitude of bright lines 
in juxtaposition ; ^ and the spectra of white nebulae show, not 
a smooth, prismatic gradation, but slight inequalities in the 
flow of light, indicating effects of absorption, of emission, or 
of both combined. Before indeed anj settled opinion can be 
formed as to whether these analogies have really the transi- 
tional mecming we might be inclined to attribute to them, 
nebular spectroscopy must be a good deal further advanced 
than it is at present. But apart from this question, relation- 
ship between the various orders of nebulsd is manifest The 
tendency of all to assume spiral forms demonstrates, in itself, 
their close affinity ; so that to admit some to membership of 
the sidereal system while excluding others would be a palpable 
absurdity. And since those of a gaseous constitution must be 
so admitted, the rest follow inevitably. 

Of the physical connection of nebulas with particular stars, 
fresh and incontrovertible proofs accumulate day by day. 
Nothing can be more certain than that objects of each kind 
coexist in the same parts of space, and are bound together by 
most intimate mutual ties. To argue the matter seems, as the 
French say, like '' battering in an open door." We need only 
recall the stars of the Pleiades, photographically shown to be 
intermixed with nebulse, and those in Orion still bearing in 
their spectra traces of their recent origin &om the curdling 
masses around. The nuclear positions so frequently occupied 
in nebul» by stars single and multiple, reiterate the same 
assertion of kinship, emphasised still further by the phenomena 
of stellar outbursts in nebulae. The scenes of these must, as 
the late Mr. Proctor insisted, lie within the circuit of the 
Milky Way, unless we are prepared to assume the occurrence, 
in extra-sidereal space, of conflagrations on a scale outraging 
all probability. It has been calculated that if the Andromeda 
nebula were a universe apart of the same real extent as the 
Gulaxy, it should be situated, in order to reduce it to its 
present apparent dimensions, at a minimum distance of 
twenty-five galactic diameters.^ And a galactic diameter being 
estimated by the same authority at thirteen thousand light- 
years, it follows that, on the supposition in question, light 

^ Palmer, Lick BtUUtin, No. 86. 
* Weiase, Schriften Wiener VerHm, Bd. v. p. 818. 
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woxild require 325,000 years to reach us from the nelnda. 
The seventh-magnitude star then which suddenly shone out 
in the midst of it in August 1885 should have been an 
absolutely portentous orb. In real light it should have been 
equivalent to 762,000 stars like Sirius, or to sixteen million 
such suns as our own! But even this extravagant result 
inadequately represents the real improbability of the hypo- 
thesis it depends upon; since the Andromeda nebula, if an 
external galaxy, would almost certainly be at a far greater 
remoteness from a sister-galaxy than would be represented by 
twenty-five of its own diameters. 

Just as the Milky Way might be described as a great com- 
pound cluster made up of innumerable subordinate clusters, so 
the greater Magellanic Cloud seems to be a gigantic nebula 
combining into some kind of systemic unity multitudes of 
separate nebulse. To the naked eye it shows vaguely a 
brighter axis spreading at the extremities so as to produce a 
resemblance to the ''Dumb-bell" nebula; photographic ex- 
posures bring out unequivocal traces of a spiral conformatioii ; 
either way it shows signs of definite organisation as a coherent 
whole ; and it includes, strangely enough, among its inmates, a 
miniature of itself (N.G.C. 1978), but of much greater 
intensity and distinctness. Sir John Herschel's enumeration 
in 1847, of the contents of the "Cloud," gave conclusive 
evidence of the interstellar situation of nebulae — evidence, the 
full import of which Dr. Whewell was the first to perceive. 
Over an area of forty-two square degrees, 278 nebular objects 
(stars being copiously interspersed) are distributed with the 
elsewhere unparalleled density of 6^ to the square degree. 
" The Nubecula Major," Herschel wrote, " like the Minor, con- 
sists partly of large tracts and ill-defined patches of irresolvable 
nebula and of nebulosity in every stage of resolution, up to 
perfectly resolved stars like the MUky Way, as also of regular 
and irregular nebulae properly so called, of globular clusters in 
every stage of resolvability, and of clustering groups sufficiently 
insulated and condensed to come under the designation of 
clusters of stars." ^ 

Here then we find — in a system certcdnly, as Herschel said, 
" mi generis" yet none the less, on that account, instructive 

^ Cape Bemlts, p. 146. 
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as to cosmical relationahipe — ^undoubted stars and ondoubted 
nebuke at the same general distance firom the earth. Some 
of the nebulae may indeed very well be placed actually nearer 
to us than some of the stars ; and the extreme possible differ- 
ence of their remoteness cannot, if the Cloud be approximatelj 
globular, exceed one-tenth of the interval between its hithor 
^ge and ourselves. We learn, too, the plain lesson that 
distance is only one {actor in the production of irresolvahility. 
For stars in every stage of crowding, from loose groups to the 
veriest dust-streaks, globular clusters coarse and fine, nebulae 
of all kinds and species, range side by side in this extra- 
ordinary collection, proving beyond question that differences 
of aggregation subsist in themselves, and need no additional 
abysses of space to accotmt for them. 

Even, however, if all these mutually confirmatory argu- 
ments could be dismissed as invalid, the mode of scattering of 
nebulae on the sky-surface would alone suffice to demonstrate 
their association with the sidereal system. Sir William 
Herschel was early struck with the occurrence of beds of these 
objects, preceded and followed by spaces void of stars. So 
fiEtmiliar to him was this sequence of phenomena that he would 
sometimes warn his assistant " to prepare, since he expected in 
a few minutes to come at a stratum of the nebulae, find- 
ing himself already on nebulous ground.''^ The relation, 
after a century of partial oblivion, was photographically 
rediscovered by Dr. Max Wolf. It is curiously exemplified 
in the star-denuded nidus of the America nebula' (see 
Plate XVIII.), which seems to have absorbed or repelled from 
its immediate ne^hbourhood the dense galactic clouds impend- 
ing towards it. Similarly, a comparatively vacant region 
encompasses the Orion nebula, within which, nevertheless, 
stars swarm and flicker after the manner of the components of 
globular clusters. The replacement of stars by nebulous matter 
is again conspicuous in Plate XX., which reproduces, by Dr. 
Wolfs kind permission, a photograph taken by him, July 10, 
1904, with an exposure of four hours. The depicted nebula, 
which had been discovered ten years previously, is about 10' in 

1 Phil Trans, voL Ixxiy. p. 449. 

* PublicaHonen des ObserwUoriuma KSnigstuM-ffeidelUrg, Bd. L p. 181 
(Kopff). 
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diameter, of a round shape, and a complex structure. " It is 
placed centrally," Dr. Wolf writes, " in a very fine lacuna void 
of fjEkint stars, which surrounds the luminous cloud like a 
trench." ^ Moreover, this negative '' halo forms the end of a 
long channel, running eastward from the western nebulous 
clouds and their lacuna, to a length of more than two 
degrees." The coexistence in the same sidereal district of 
nebulae and stars could not well be asserted with stronger 
emphasis than by the clearing of a dark fosse for the accom- 
modation of the cocoon-like object in Plate XX. 

The larger plan of nebular distribution, as being the 
inverse to that of stars, partially revealed itself to the elder 
Herschel; but Sir John first brought into clear view the 
distinct and striking division of the nebula into " two chief 
strata, separated by the Galaxy." Taking the circle of the 
'Milky Way as a horizon, he remarked that the accumulation 
of them in Virgo and Coma Berenices " forms, as it were, a 
canopy occupying the zenith, and descending thence to a con- 
siderable distance on all sides, but chiefly on that towards 
which the (celestial) north pole lies." ^ 

This crowding about the galactic pole is less marked in 
the southern hemisphere, though here too there is a ''chief 
nebular region " approximately corresponding to that in Virgo. 
The distribution is, however, on the whole much more uniform 
than in the northern hemisphere, or rather, more uniformly 
patchy, rich districts alternating with more or less ample 
vacuities. One of these extends about fifteen degrees all 
round the south pole, the Lesser Cloud marking its edge. 
The remarkable fact, too, was noticed by Sir John Herschel 
that the larger nubecula seems ''to terminate something 
approaching to a zone of connected patches of nebulae," reach- 
ing across Dorado, Eridanus, and Cetus to the equator, where 
it unites with the " nebular region of Pisces." A similar line 
of communication is less conspicuously kept open with the 
minor nubecula, and this feature of "streams" of nebulae 
with terminal aggregations was considered by Proctor to be 
distinctive of southern skies.' He adverted besides to the 
coincidence of two of them with stellar " streams " in Eridanus 

1 Monthly Notices, yoL Ixiy. p. 839. * Cag^ lUiulU, p. 1^7. 

• Monthly Notices, yoI. xxiz. p. 840. 
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and Aquarius, and was struck with a significant deficiency of 
bright stars over the intervals between nebular groups. 

Ampler acquaintance with this class of objects has, on the 
whole, served to ratify earlier conclusions relative to their 
mode of scattering. Their overwhelming tendency to congre- 
gate about the north galactic pole is accentuated by the results 
of Dr. Max Wolfs photographic survey ; ^ while the presence of 
a secondary focus of aggregation in Perseus and Andromeda, 
remarked by Waters,^ was rendered unmistakable by the sub* 
sequent investigations of StratonofiP.' M. Easton, discussing 
the subject with his accustomed thoroughness in 1904, 
was especially struck with the disturbing influence of the 
Magellanic Clouds. Hence possibly so fundamental a diversity 
in the modes of nebular distribution on either side of the 
Milky Way, that he considers it as " very probable that the 
structure of the southem galactic sky with regard to the 
nebulae differs entirely &om that of the northern galactic sky.'' ^ 

The leading facts of nebular distribution were correctly 
described by Herbert Spencer in 1854. "In that zone," 
he wrote, "of celestial space where stars are excessively 
abundant, nebulsB are rare ; while in the two opposite celestial 
spaces that are furthest removed from this zone nebulse are 
abimdant. Scarcely any nebulse lie near the galactic circle, 
and the great mass of them lie round the galactic poles. Can 
this be mere coincidence ? When to the fact that the general 
mass of nebuke are antithetical in position to the general mass 
of stais, we add the fact that local regions of nebulae are r^ons 
where stars are scarce, and the further fact that single nebulae 
are habitually found in comparatively starless spots, does not 
the proof of a physical connection become overwhelming ? " ^ 

Accompanying, but considerably overlapping the Milky 
Way along its entire round, is a " zone of nebular dispersion " 
(as Proctor called it) — a wide track of denudation, so £ar 
as these objects are concerned. The nebular multitude shrinks, 
as it were, from association with the congregated galactic stars. 
A relation of avoidance is strongly accentuated. But with* 

^ n^wrt o/K»nigauhl ObierwUory for 1902 ; Astr. Naeh. No. 3812. 

3 MwOdy mtiees, toL liv. p. 627. 

' Ristenpart, F, J, S, Attr, Oes. Jahrg. xxxvii. p. 356. 

* Proe, Acad, of Scunees, AmsteFdam, June 26, 1904 ; Asir. Naefu No. 8969. 

' The Nebular ffypoihena (with Addenda), p. 112. 
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diawal implies recc^nition. It implies the subordination of 
stars and nebulae alike to a single idea embodied in a single 
schema The range of our possible acquaintance is accord- 
ingly restricted to one " island universe " — that within whose 
boundaries our temporal lot is cast, and from whose shores we 
gaze wistfully into infinitude. 

Dismissing, then, the grandiose but misleading notion that 
nebulae are systems of equal rank with the galaxy, we may 
turn our attention to the problems presented by the pecu- 
liarities of their interior situation. When these are subjected 
to a detailed examination, distinctions become evident between 
the different classes of nebulae. Distinctions so marked as to 
lead almost to their separation. 

The " relation of avoidance " to the Milky Way just adverted 
to prevails ofUy among the " unresolved " nebulae. These, it 
is true, are the great majority of the entire, so that the con- 
clusion of nebular crowding away from that zone remains 
unimpeachabl& For certain classes of minor numerical, but 
high cosmical importance, the relation is precisely inverted. 
Over gaseous nebulae and clusters, the Milky Way seems to 
exercise an attractive influence equally strong with its repul- 
sive effect upon nebulae of other kinds. 

Forty out of one hundred and eleven globular clusters 
belong to the galactic zone,^ which is hence twice as richly 
furnished as the rest of the sky with these wonderful objects. 
And the excess rises to twenty -five times for irregular 
or nondescript clusters, 434 out of 535 of which — that 
is, 81 per cent — are located in, or dose to, the Milky 
Way. Many clusters, indeed, obviously form an int^;ral part 
of the formation itself; of others, it is difficult to decide 
whether they should be ranked as distinct, or simply as 
intensifications of ordinary galactic star-groupings. To the 
latter category almost certainly belongs a collection (M 24) 
visible to the naked eye as a dim cloudlet near fi Sagittarii, 
and named by Father Secchi ''Delle Caustiche," from the 

^ Taken m of the nmform width of thirty degrees, and covering ^ of the 
sphere. Major Markwiok {Joum. Lvo, Asir, Soe, toL vii. p. 182) finds the pro- 
portionate area of the Mill^ Way in the northern hemisphere to he ^, in the 
soathem ). Pickering {Edrvard Annalt, vol. zlriii. p. 166) estimates the 
galactic area at 15,612 square degrees, or ^ of the sphere. 
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peculiar anangement of its stars in rays, arches, caustic 
curves, and intertwined spirala This again is included in a 
great oval condensation of galactic stars, obviously endowed 
with some degree of structural independence. 

Gaseous nebulae, like gaseous stars, are nearly exclusive in 
their galactic affinities.^ Very few planetaiies can be found 
at any considerable distance from the favoured zone; the 
spectroscopic search for stellar nebulae is fruitless unless within 
its borders ; and they embrace— with one exception — all the 
irregular nebulae. This single exception is a most significant 
one. It is that of the " great looped nebula " (see Plate XV.). 
an important constituent of the greater Magellanic Cloud. 
Plainly, then, the conditions aUowing primitive coemical 
matter to remain uncondensed in galactic regions, prevail also 
in the nubecula. The individuality of its organisation has 
been strongly accentuated by the discovery, lately made at 
Harvard College, that very many of the stars contsdned in it 
fluctuate rapidly in light.^ Miss Leavitt's examination of the 
Arequipa plates yielded at once a harvest of IB 2 variables; 
and more doubtless await recognition. 

Gaseous and white nebulae meet on equal terms only in 
this comprehensive assemblage. The Milky Way is more 
exclusive. It favours the former class largely at the expense 
of the latter. Within its precincts only one in sixteen of those 
dim, often fantastically-shaped, objects is met with, the analysed 
light of which gives no indication of gaseity, while their even 
texture, under the highest telescopic powers, su^ests no 
approach to the stage of breaking-up into 8tar& What then 
is their nature ? Is the difference separating them in appear- 
ance from the resolvable aggregations of star-dust, crowding 
the Milky Way, a difference of distance solely? Are they 
too clusters beyond the reach, through remoteness, of effective 
scrutiny ? There is nothing in their aspect to preclude this 
supposition. So far as observation can tell, they may be of 
stellar composition. Only it is not easy to understand why 
nebulae situated near the galactic poles should be immensely 
and consistently more distant than nebulae thronging the 
vicinity of the galactic equator. 

^ Baascliiiiger, V. J, S. Aatr. Ghs, Jahrg. xxiy. p. 48. 
< Eanfard Circular, No. 82 ; Attr. Naeh, No. 3965. 
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Mr. CHeyeland Abbe^ sought to overcome the difficulty 
by imagiumg the nebulse to be equably distributed over the 
surface of a ''prolate ellipsoid/' its longer axis coinciding 
approximately with the axis of the Milky Way; and this 
arrangement would undoubtedly give an appearance of crowd- 
ing in the observed directions, since to an eye placed near the 
centre of such an oval figure, objects unifonnly scattered over 
its surface would produce, by perspective, the efiPect of running 
together near its pointed ends. But this highly artificial 
contrivance was scarcely realisable. Our minds demand 
from a theory not barely that it "cover the phenomena," 
but also that it show itself congruous with the general plan 
of operations upon which we can see that nature work& Be- 
sides, the local distribution of nebulse is so far from uniform, 
that antecedent probability is in favour of their general distri- 
bution being also marked by striking irregularities. The 
" canopy " of nebulsB in Virgo is then, we may rest assured, 
as genuine an accumulation in its own way as the spherical 
assemblage in the Magellanic Cloud. 

But if there be no systematic difiTerence of distance between 
the nebular classes occupying contrasted situations as regards 
the lines of galactic structure, there must be a systematic 
difference of constitution.^ The parts of those objects crowd- 
ing towards the poles must be comparatively small and close 
together. We have indeed already found reason to believe 
that clusters do, in point of fietct, merge insensibly into nebuldd 
— that groups of genuine suns at wide intervals stand at 
the summit of an unbroken gradation of systems with 
smaller and closer constituents, down to accumulations of 
what is almost literally "star-dust." Besolvability is hence 
a question of constitution quite as much as of distance, and 
we are brought to the conclusion that, while galactic nebulsB 
are of what we may roughly describe as stellar composition, 
non- galactic nebulae are more or less pulverulent We 
cannot of course pretend to account for this remarkable 
distinction. All that can be said is that it appears to be 
actually existent. The irresolvable " polar " nebulae perhaps 
escaped influences powerful over the " equatorial " ones. Their 

1 Monthly Notices, Yol. zxvii. p. 262. 
> Proctor, Mbnthiy Notices, vol. zxix. p. 842. 
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deyelopment, at anj rate, seems to have taken a different 
course. 

The spectroscope informs us that nebulae possess radial 
velocities of the same order as those of stars. And their 
apparent fixity to visual observation unquestionablj results, 
in part from their extreme remoteness, in part finom their 
evasiveness of accurate measurement The singularities of 
nebular distribution afford besides indirect evidence of move- 
ment. " Streaminess/' if it mean anything, implies that the 
bodies affected by it advance in common towards a common 
goaL Aggregation at the end of a stieam prompts the con- 
jecture that a motion of advance was at a certain point, by 
some supervening attraction, swayed into a motion of revolu- 
tion. A hint as to the origin of the Magellanic Clouds may 
hence be derived. They represent in some sort vessels filled 
through long pipes from a vast reservoir. And since the pipes 
are still there, the flow may be conceived to be still in progress. 
Were it to cease, the connection of the nubeculse with the 
main nebular body would eventually be interrupted, and their 
insulation would become complete. 

The fidelity with which gaseous nebulae and clusters adhere 
to the MUky Way as seen projected upon the sphere, warrants 
the inference that their distribution in space is of a similar 
character. It would be unreasonable to disconnect them £rom 
a formation of which they so closely follow the lines. We 
can scarcely err in supposing that they lie in general within, 
not behind, or in front of it. Thus, the globular clusters 
richly strewn over the branch of the Milky Way from Scorpio 
to Ophiuchus, but withdrawn from the conterminous dark rift, 
plainly belong to the cloud-like stellar masses, owing to the 
absence of which the fissure seems black, although densely 
stocked with stars to the tenth magnitude. Other compressed 
groups stand out from a curtain of apparently still more remote 
stars, representing possibly a divergent galactic ramification. 

Such ramifications must in many cases be greatly fore- 
shortened as viewed from our nearly central position ; in some, 
they may appear only as brilliant knots upon the " trunk " of 
the Milky Way. Possibly, the double cluster in Perseus may 
partake of this optical character. It may be the termination 
of a branch spreading inward, and seen nearly end-on. 
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* like the Perseus dusteis, the Orion nebula gives indica- 
tions of greater proximity than the main galactic accumulation, 
to which it is nevertheless beyond doubt structurally related. 
For a winding nebulous extension from the Milky Way can 
be traced past a Orionis through the belt and sword, the 
bright stars marking which are demonstrably associated with 
the nebula. The inference then presents itself that the whole 
mixed system, or series of systems, is placed upon an obliquely 
directed ofGset from the galactic zone. Beasoning of the same 
kind may perhaps apply to the combined nebula and cluster 
M 8. It occurs as a premonitory outlier of the leading division 
of the fissured Milky Way, from which it lies a little apart ; 
and it seemed to Sir John Herschel only an '' intense exaggera- 
tion " of the stellar collections in its neighbourhood.^ 

Summarising our conclusions, we find the unity of the 
stellar and nebular systems to be fully ascertained. They are 
bound together by relations of agreement and contrast scarcely 
less visibly intimate than those severally connecting individual 
members of each order. The general plan of nebular distribu- 
tion is into two vast assemblages, one on either side of the 
Milky Way ; but while this is, comparatively speaking, avoided 
by the unresolved crowd, it is densely thronged with clusters 
and gaseous nebulae. The conditions of aggregation within 
the zone may hence be inferred to difier from those prevailing 
outside it ; but how and why they differ remains inscrutable. 
As to the distances of the nebulae, we know nothing positive ; 
they no doubt vary extensively ; nor can either fineness of 
grain, or faintness of light (both of which may be inherent 
qualities) serve to distinguish between those nearest to, and 
those further away from us. We may, however, plausibly 
conjecture that the hoodlike accumulation of nebulae in Coma 
Berenices is of the same approximate remoteness with the 
main galactic stream, and may thus be said to constitute the 
polar cap of a sphere equatorially girdled by the Milky Way. 

> Cap€ BesuUt, p. 887. 
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THE GONSTBUCrriON OF THE HEAYBNS 

Sir William Hsbschsl conoeived it to be the supreme object 
of astronomy " to obtain a knowledge of the construction of 
the heavens "; and this, in his view, would be accomplished by 
the " determination of the real place of every celestial body 
in space." ^ Thus limited, the problem would be completely 
solved could the absolute distance be ascertained of all the 
objects telescopically or photographically discernible in the 
sky. But even the attainment of this unattainable point 
would never have satisfied Hersohel's restless spirit The 
real scope of his inquiries went far beyond it. They had an 
historical as well as a statistical aim. " Looking before and 
after/' they embraced the past and future, no less than the 
present of the Cosmos. 

Modem investigators are of the same mind The heavens 
are regarded by them from a physiological, rather than from a 
purely aTuitomical point of view. Mere knowledge of structure, 
however accurate, vrill not content them. The vital fimctions 
of the organism, the mutual dependence of its parts, the 
balance of the internal forces tending towards destruction 
and preservation, the dimly-apprehended aim of its divinely- 
sustained activity, engage their eager attention. The heavens 
live and move, and the laws of their life and motion involve 
the material destiny of man. It is impossible that he should 
be indifferent to them. 

Even, however, if our instinctive interest in the working 
of the machine were less keen, we should be driven to search 
out the dynamical relations of its parts by the impossibility of 

^ PhiL Tran$, toI. ovii. p. 802. 
860 
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otherwise arriving at a true knowledge of their egometrical 
relation& Not only are these variable from one moment to 
another, but acquaintance with them at any single moment is 
not conceivably accessible to us apart from previous acquaint- 
ance with modes and laws of motion. For our view of sidereal 
objects ifl not simultaneou& Communication with them by 
means of light takes time, and post-dates the sensible impres- 
sions by which we are informed of their whereabouts, in the 
direct proportion of their distances. We see the stars not 
where they are — not even where they were — at any one 
instant, but where they were on a sliding scale of instants. 
The epoch corresponding to the apparent position of each 
is different, and the range of difference extends over some 
thousands of years. The reduction of those positions to a 
common epoch so as to get a survey of the genuinely con- 
temporary relations in space of all sidereal objects — ideally 
feasible at best-— could not so much as be thought of as 
possible without a preliminary knowledge of their displace- 
ments during the centuries, or millenniums elapsed since the 
ethereal vibrations they originate started on their several 
journeys hither. Thus the study of configurations blends 
with the study of movements and forces; the restrictions 
placed upon thought by the effort to exclude all but a single 
aspect of phenomena fall away of themselves, and we are con- 
fronted, whether we will or no, by the stupendous problem of 
the universe as a vital whole. 

As a whole; but not necessarily as the whola The 
sidereal world presents us, to all appearance, with a finite 
system. Human reason would, indeed, otherwise be totally 
incompetent to deal with the subject of its organisation. There 
would be nothing for it but to lay down the anns of our 
understanding before its transcendental and appalling magni- 
tude. But the probability amounts almost to certainty that 
star-strewn space is of measurable dimensions. For from 
innumerable stars, a limitless sum-total of radiations should 
be derived, by which darkness would be bamshed from our 
skies ; and the " intense inane," glowing with the mingled 
beams of suns individually indistinguishable, would bewilder 
our feeble senses with its monotonous splendour. This laying 
bare, so to speak, of the empyrean would be the simple and 
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certain result of the continuance tid infinitum of any arrange- 
ment of sidereal objects comparable with that prevailing in 
our neighbourhood. Unless, that is to say, light suffer some 
degree of enfeeblement in space. If this be the case, then 
our reasonings are put to silence, and a veil is drawn im- 
penetrable to scrutiny. But there is not a particle of evidence 
that any such toll is exacted ; contrary indications are strong ; 
and the assertion that its payment is inevitable depends upon 
analogies which may be wholly visionary.^ Ethereal absorp- 
tion and the actual interception of steUax radiance by opaque 
masses are equally the creation of the speculative intellect. 
Neither mode of action is vouched for by experience. We are 
then, for the present, entitled to disregard the problematical 
effect of a more than dubious cause. The sidereal system 
cannot be regarded as in any true sense infinite. The scale 
of its construction, it is true, strikes imagination impotent; 
in the multitudinous splendour of its components, in the 
number and variety of the subordinate groups constituted by 
them, in the magnificent play of forces it unfolds, in the dim 
processes of development it suggests, it bears glorious vdtness 
to the power and wisdom of the Almighty Designer ; yet it 
has limits, and for that reason it is a fit subject for the 
exercise of limited understandings. With further systems, 
" pinnacled deep " out of our sight for ever, we have, properly 
speaking, no scientific concern ; we only know that '' when a 
man hath done, then shall he begin " to declare the wondeiful 
works of Grod. 

Eegarding the visible world of stars and nebulae as an 
isolated, though excessively complex system, we may try to 
give the best order we can to our ideas respecting its consti- 
tution. Let us see what are the available data. The number 
of stars actually registered, including those in the Gape 
Photographic Durchmusterung, approaches a million, of which 
three-fifths, or thereabouts, are of magnitudes between the 
ninth and tenth, and the rest are brighter. Beyond the 
limits of this great census, minute stars abound ; but to how 
many millions they would sum up if completely enxuner- 
ated, can only be guessed very much ad libitum. Sir John 
Herschel estimated at five and a half millions the stars (to the 

> Hirn, ConttUiUion de VEspaee OiUsU, p. 297. 
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fourteenth photometric magnitude) perceptible over the entire 
sky with his twenty-foot lefiector ; Struve calculated them at 
twenty millions; and it has been vaguely surmised that a 
hundred millions could be shown by the most powerful modern 
telescope& The photographic International Chart should 
contain, by M. Loewy's reckoning in 1900, thirty million stais 
to the fourteenth magnituda Yet from the basis of the work 
done in preparing it at Greenwich down to 1904, the number 
was evaluated at only 13,880,000. Thus, we are still in great 
measure ignorant on the point Different parts of the sky 
vary extremely in richness. In some, telescopic stars literally 
swarm ; in others, they occur but scantily. It has been com- 
puted by Mr. Grore,^ that if the whole heavens were as thickly 
strewn as the region of the Pleiades, the number of stars to 
the seventeenth (nominal) magnitude, would be about thirty- 
three milliona But the method of distribution within a 
definite cluster evidently gives no clue to that prevailing out- 
side it. A fair specimen-field is, indeed, all but impossible to 
choose. Counts in the Milky Way, extended in the same 
proportion over the sphere, would vastly exaggerate the 
crowding of the stars ; which would, in an equal degree, be 
underrated by counts executed outside it. 

Beliable data on the subject might, one would have thought, 
be collected with practical usefulness by the method of 
" photographic star-gauging." Beckonings of the stars in their 
light-ranks, upon plates exposed for various lengths of time, 
ought to tell with certainty how far the ideal law of augment- 
ing numbers holds good, and where '' thinning-out " becomes 
apparent. In an equable stratum the stars must nearly 
quadruple at each descent of a magnitude, simply because the 
cubical space holding them is quadrupled.^ Should this rule 
be overthrown by excess, a real crowding is indicated, at the 
distance corresponding to the altered rate of increase; if by 
defect, then obviouidy the supply of stars in the region 
examined is becoming exhausted, their scattering is sparser 
than in our nearer vicinity, and the termination of the series 
is at hand, if not already reached. Photographic soundings 

^ Joum, Lin, Astr. 8oe. roL yii. p. 180. 

* For some reason still unezpUined, the obserred ratio falls consistently 
short of the theoretical ratio. 
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have, nevertheless, some special drawbacks.^ Their use is» 
above all, hampered by wide disparities depending on subtle 
variations in atmospheric transparency, which incalculably 
modify, from one night to the next, the registering powers of 
perfectly similar plates. 

But even Herschel's Milky Way gauges, although indis- 
criminate as regards magnitude, afforded distinct evidence of a 
terminating series in the fact that the numbers of stars 
recorded by him amounted to only one-third of what might 




Mass. 

Fio. S&^Difltrilmtion of 084 iton within 1* of the Pole, ihowiBg the ntio of nomben to 
space for each hslf-ma^tade. 

have been anticipated from the penetrating power of his 
instrument applied to an indefinitely extended system. And 
for a '*mean sounding," at the northern galactic pole, M. 
Celoria, with a re&actor showing, at the utmost, eleventh- 
magnitude stars, obtained a number almost identical vdth that 
given by Herschel's great leflector. The larger instrument 
then here revealed no additional stara Similar symptoms of 
exhaustion in the star-supplies may be found in Professor 
Pickering's photographic catalogue of 947 stars within one 
degree of the celestial north pole.^ A single glance at the 

^ Gavin J. BuniB, Joum^ Brit. Astr, Ass, vol. ziL p. 75. 
- Harvard Annals, yoL zyiii. p. 202. 
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synoptical table giving the numbers for each half-magnitude, 
suffices to show that the numerical representation of the lower 
ranks is inadequate. The small stars are overwhelmingly too 
few for the space they must occupy if of average brightness ; 
and they are too few in a constantly increasing ratio. The 
accompanying diagram (Fig. 38) represents graphically the 
decrease outward of density (or the proportion of numbers to 
space), deducible from Professor Pickering's enumeration on 
the sole supposition of the equal average lustre of each class 
of stars. Those of the ninth are the most thickly strewn; 
the intervals between star and star widen rapidly and con- 
tinuously (for the sudden dip at 9*5 magnitude is evidently 
accidental) down to 11*5 magnitude, when a slight recovery, 
lasting to the thirteenth magnitude, sets in. A result of a 
different character was obtained by Professor Newcomb from 
a count of 312 stars to the eleventh magnitude on plates 
taken at Potsdam for the International Catalogue. Although 
the region examined lay close to the galactic pole, he could 
detect no manifest faUing-ofif in the proportionate increase of 
number vrith fEdntness.*^ But until more comprehensive 
surveys of the same kind have been executed, it will be 
impossible to lay down any general rule for the thinning-out 
of sidereal strata. Nor, even if it were successfully formu- 
lated for the rest of the sky, could it apply to the Milky 
Way, where, "with both hands full," veritable star -dust is 
scattered. 

A fekr-reaching influence is exercised by this great zone of 
condensation over the scattering of the stars, taken in the 
gross ; but it grows more marked with their diminishing bright- 
nes& Seeliger's ascription to it of inferior efficacy in the 
southern hemisphere ' may now be tested with the help of the 
Cape Durchmusterung. The preference of lucid stars for the 
Milky Way is slight yet unequivocal ; it appears from some 
careful statistics published by Mr. (^ore," that even in them, 
the galactic zone is once and a half times richer than other 
parts of the sky. There is some evidence, however, that this 
crowding is towards a plane of condensation distinct from, 
though very close to that of the galaxy. 

^ The Stan, p. 284. * SUzungsberiekte, Munich, 1884, p. 521 ; 1886, p. 220. 
» Jintm. Liv. Astr. Soc, rol. vii. pp. 175, 182. 
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A girdle of large stars spanning the southern hemisphere 
was thought by Sir John Herschel to be the projection of *' a 
subordinate sheet, or stratum, deviating some twenty degrees 
from parallelism to the Milky Way/' ^ The hint was farther 
developed by Dr. Gould. '' Few celestial phenomena " he con- 
sidered to be " more palpable than the existence of a stream or 
belt of bright stars/' traceable "with tolerable distinctness 
through the entire circuit of the heavens, and forming a great 
circle as well defined as that of the galaxy itself/' ' which it 
crosses at an angle of about 20"" in Crux and Cassiopeia. 
Traversing in the southern hemisphere Orion, Canis Major, 
Argo, the Centaur, Lupus, and Scorpio, it pursues its way in 
the northern through Taurus, Perseus, Cassiopeia, Cepheus^ 
Cygnus, and Lyra, its line being less obviously continued by 
the stars of Hercules and Ophiuchus.' Like the Milky Way 
it seems to bifurcate near a Centauri, the branch there thrown 
off reuniting with the parent stem in Andromeda. That the 
stars thus marked out, to the number of about five hundred, 
constitute with the sun a cluster " of a flattened and somewhat 
bifid form," " distinct from the vast organisation of the Milky 
Way/* grew into a conviction with the progress of Dr. Grould's 
observations 

The grounds upon which it was based have, nevertheless, 
been gradually undermined by close and varied research. 
Grould's star-belt continues to subsist; its reality is unquestioned; 
but its relations are different from those which he assigned to 
it. It has assuredly galactic, not solar proclivities. Mr. 
J. R Sutton pointed out in 1891 that the tracts where it 
coalesces with the Milky Way are marked by profound dis- 
turbance of the nebulous streauL^ But this could only result 
from an actual intermingling of the two formations. Again, 
many, perhaps most of the belt-stars give spectra of the 
helium type ; and the chosen habitat of helium stars is — we 
are led to believe — within the galactic aggregations. Nor is 
there the least justification for holding the sun to be a member 
of any specialised stellar group. Some ostensible evidence 
derived from proper motions, implying the genuine existence 

^ Cape BesuUa, p. 885. 

' AfMT. Joum. of Seienee, vol. viii. p. 838 (1874). 

^ Vran, Argentina^ p. 855. ^ Knowledge^ vol. zi7. p. 124. 
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of a solar cluster, is now known to have been misleading. 
Professor Eapteyn was justified, by the data placed at hii9 
disposal, in concluding that stars of the solar type are crowded 
in the neighbourhood of our sun,^ but he fully recognised later 
the defective nature of those data, and withdrew the inference 
founded on them.^ 

The wide separation of the belt -stars firom our own 
place in the universe adds incalculably to the importance 
of the phenomenon which they constitute. Their remoteness 
necessarily enhances our estimate of their size and luminosity; 
the condensation of an extraneous stellar multitude towards 
the plane they affect testifies to their attractive power ; while 
their orderly arrangement, as if in a ring-like enclosure, still 
further perplexes the enigma presented by this surprising 
feature of the sidereal system. Its natural effect in dis- 
arranging the theoretical progression of photometric ranks 
augments seriously the difficulty of searching out the laws of 
stellar distribution. Into those ranks close upon five hundred 
extra stars are intruded, all above the seventh magnitude, 
which have no proper status among the denizens of intra- 
galactic space. There is accordingly an excess of bright stars 
with small proper motions — sentinel-stars, one might call 
them, posted at the outskirts of the world, which might well 
serve to arrest runaways on the verge of breaking bounds 
through over-acceleration. Gk)uld, in fact, showed that, 
deduction having been made of five hundred belt-stars, the 
remainder of those he had the means of enumerating, down to 
9^ magnitude, form a tolerably regular series, increasing in 
numbers nearly in the theoretical proportion of their diminish- 
ing light.' And the conclusion that these five hundred 
superfluous objects do in toct compose a group apart, is 
strengthened by the symmetrical arrangement, with regard to 
the "belt," of the bright stars outside it. Their tendency 
to collect towards its central plane was thought by Dr. 
Gk>uld to be irrespective of the Milky Way, except in so 

^ Proe. AnuUrdam Acad, of Sciences^ April 29, 1802 ; January 28, 1898. 

s Ihid. April 20, 1901, p. 689. 

* The " empirical ratio " (that resnlting from actoal enmnemtion) of multi- 
plication of numbers per magnitude, is 8*912 ; the theoretical ratio ia 8*987. — 
Uran, ArgeiUina, p. 867. 
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far as the two formations coincide by the projection of one 
upon the other. 

It is worth notice, too, that the present direction of the 
solar movement agrees with the general "lie" of the belt; 
although other stars give no sign of preference for any fiinda- 
mentad plane of revolution. Yet, quite obviously, the con- 
figuration of moving bodies is the aggregate expression of their 
mode of movement. A ring of stars can be a substantial 
reality only if it be constructed on a dynamical foundation. 
Its members must travel along the zone of their distribution. 
Should they eventually be proved not to do so, then Gould's 
belt will stand revefided as an illusory appearance. This 
question of systematic proper motions is evidently fundamental 
to the architectonics of the universe, and we are still a long 
way from being able to answer it. 

In a long series of researches, Mr. Maxwell Hall of Jamaica, 
attempted to fix the elements of the sidereal system, regarded 
as an undivided whole.^ The plan of structure attributed to 
it was identical with that suggested as barely possible to be 
realised in globular clusters. Nothing could be simpler. 
There being no dominant central mass, attractive force and 
velocity increase progressively outward, and all the movements 
in the collection, in whatever plane pursued, and whether in 
orbits nearly circular or highly eccentric, are governed by a 
single period, or annus magmis. But the scheme is practically 
unworkable as failing to accommodate itself to the irregularities 
and versatilities of nature ; and its elaboration conveyed only 
a warning that the great problem was, by such means, im- 
pregnable. 

The subject is one which, for the present, can only be 
approached tentatively ; it would be highly undesirable that 
investigators should, for that reason, be discouraged from 
approaching it at all. The life of a science is in the thought 
that binds together its facts; decadence has already set in 
when they come to be regarded as an end in themselves. 
" Man is the interpreter of nature ; " to draw up an inventory, 

* Memoirs R, Astr, Society, voL xliii. p. 157 ; Monthly Notices, voL zzxix. 
p. 126 ; xlviL p. 621 ; Mi. p. 857 ; Iviii. p. 478. In the concluding papers 
of the series, Mr. Hall found it advisable to substitute for a law of foroe varying 
directly as the distance one constant at all distances from the centre. 
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however, is not to interpret. It is true that speculation is 
prone to wander into devious ways ; but then " truth emerges 
more easily from error than from confusion." And in sidereal 
science especially, there is danger lest investigators, seduced 
by the wonderful facilities of novel methods, should exhaust 
their energies upon the accumulation of data, and leave none 
for the higher work of marshalling them along the expanding 
lines of adequate theory. Mr. Hall's efforts had thus a value 
not to be measured by definite achievement. 

It is scarcely probable that indications as to the 
general plan of the sidereal world sufficiently definite for 
purposes of numerical calculation, can be gathered during the 
present era of human knowledge. A limitless field of fruitful 
research, however, lies open even now in the systems of various 
degrees of subordination, the federated combination of which 
we may reasonably suppose to constitute the supreme unity 
of the cosmos. From double, triple, multiple groupings to 
knots, drifts, clusters, clouds of stars, an ascending scale of 
complex arrangement leads upwards to the unknown — ^perhaps 
beyond it to the unknowable. 

As the outcome of recent statistical inquiries, a distinction 
has been set up between the stars arrayed into more or less 
definite groups or masses, and the apparently incoherent 
multitude forming the ordinary population of sidereal space. 
Every cluster is strewn with interjacent stars, and projected 
upon a background of disconnected stars. Even the great 
galactic drifts are not only seen through a starry veil, but 
may possibly (Professor Newcomb thinks) have a starry curtain 
drawn behind them. 

Hence Newcomb's inference that, if we could remove from 
the sky the swarms of stars constituting the cloud-forms of 
the Milky Way, as well as all local aggregations, '' we should 
have left a scattered collection, constantly increasing in density 
towards the galactic belt." ^ Sweeping away the crystallisation- 
products (to put it figuratively), we should find remaining a 
saturated solution of stars. 

Again, Professor Pickering states that stellar distribution 
within and outside the Milky Way is so &r identical, that the 
proportion of stars of a given magnitude to the total number 

^ The Stan, p. 276. 

24 
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in any single region is everywhere the same. But within 
the galactic area the numbers are doubled There are 
twice as many stars of each consecutive photometric rank 
down to the twelfth magnituda " The Milky Way/' he adds, 
" covers about a third of the sky, and contains about half the 
stars. There is no evidence of a limit to the fedntness of stars, 
although the proportionate increase in numbers becomes less 
for each successive magnituda" ^ 

These are remarkable facts; and they acquire a deeper 
meaning from their association with physical diversitiea 
The various spectral classes are not alike in their mode of 
scattering. Each obeys laws and tendencies proper to itself 
Thus, Sirian stars, which form the majority of the entire, 
are drawn towards the plane of the Milky Way, and supply 
the material of its lucent throngs. Solar and Antarian stars, 
on the other hand, display no galactic preferences ; they occur 
with equal profusion in all sections of the sphere. ''The 
Universe is thus shown," Professor Pickering writes,* " to con- 
sist of two portions ; first, the stars of the first type which, 
although frequent in all parts of the sky, predominate along a 
certain plane, thus forming the Milky Way. The second 
portion consists of stars whose spectra are of the second and 
third types. They show no concentration in the Milky Way, 
but are, in general, uniformly distributed in all parts of 
the sky. These two portions should be treated separately 
in all discussions of the structure of the Universe, such 
as studies of proper motion, parallax, motion of the Sun 
in space, etc. The proportion of stars of the first type to 
the total number increases when fainter stars are included, 
while with the Orion stars the opposite seems to be the 
case." 

Our own sun, so far as present knowledge acquaints 
US, belongs to the class of what Herschel called "inter- 
systematical stars" — stars, that is, exempt from particular 
ties, and exhibiting in their movements the net result of 
cosmioal compulsion. How many of them there may be, we 
have no means of judging ; but it is easily seen that special 
association becomes more prevalent with increasing remoteness 
from our post of observation. For this, among other reasons, 
^ Harvard AimaU, toI. zlviii. p. 185. ' Ibid, vol. lyi. p. 26. 
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displacements among the members of the several groups evade 
notice. When their nature develops, as it must with the efflux 
of time, it will perhaps occasion embarrassment The sub- 
sistence of a dynamical equilibrium may not always be implied 
by it. Companionship, which on the sidereal time-scale might 
be called transient, is even conceivable. One set of com- 
binations may be dissolved to give place to others ; a single 
star may pass from one vast confederacy to the next, seeking 
its fortune, as it were, through space ; or, breaking away from 
the entire congeries of systems, rush out into the ethereal 
desert, to find itself, after milliards of ages, within the precincts 
of a strange galaxy beyond terrestrial ken with telescope or 
camera. 

The more attentively the configuration of the stars is 
studied, the more clearly do special phenomena of grouping 
come into view. Among the minute stars of the Milky Way, 
above all, a tendency towards the display of typical patterns 
is, in certain parts of the sky, almost as unmistakable as it 
would be in a ball-room crowded with dancers suddenly arrested 
in threading their way through the figures of a quadrille 
or a minuet. Yet in the heavens, methodical distribution 
must always be to some extent masked by the projection upon 
the same surface of objects at totally different distances. 
That, under these circumstances, it should often be effaced is 
less remarkable than that it should occasionally become 
apparent 

One of the " typical forms " in which stars seem to collect, is 
that of an ellipse, or circle seen in perspective.^ Badiated struc- 
tures also occur; and Father Secchi, who early drew attention 
to this curious subject, regarded the presence of a large red star 
in a commanding situation among minor objects, as a common 
trait of physical arrangementa' The spectxal relations of the 
objects composing them was made the subject of a suggestive 
study by J. Madair Boraston in 1893.' As specimens of 
a class of objects to which the " persevering student " could 
make large additions ''with an increasing conviction as to 
the mutual interdependence" of their constituents, Webb 

1 Century Magawine, Sept 1889, p. 787. 

« AUi deW Acead. PorU. t TiL p. 67. 
* Astr. amd Atirophysies, yoL xii. p. 68. 
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singled out in the constellation Hercules, a "wreath/' a 
" double chain/' and a '' recurved line of small stars proceeding 
from one of 7*6 magnituda"^ The predominance of the 
''spray" form of association was dwelt upon hj Proctor; 
while some regions, Professor Holden tells us, are characterised 
by streams of stars, defiling in rows of a dozen or two, aeross 
the telescopic field. ''Others," he continues, "are rich in 
small definite eUipses of stars, often all of the same size. In 
some cases, stars are surrounded by circles of other fainter 
stars. In other instances, the ellipses become tolerably 
regular ovals, ofben of large siza These interlace in the most 
intricate manner. • . . We can frequently trace new and 
highly interesting features of the kind by paying attention to 
stars of one magnitude only. K we regard the eleventh- 
magnitude stars alone, for example, we may find rings and 
ovals of these stars forming a regular pattern in the sky. 
Interlacing with these may be found another pattern of similar 
ovals (usually smaller) of stars of the twelfth ihagnitude, and 
soon."« 

It must, indeed, be admitted that the search for "star- 
patterns " is over somewhat treacherous ground. Imagination 
may here easily play the part of will-o'-the-wisp. ^ Among a 
multitude of scattered objects, counterfeit groupings of any 
given design can be put together by a very slight stretch of 
fancy. It was shown experimentally by Lady Huggins that 
the random distribution of dots of Indian ink does not 
exclude the possibiUty, to a predisposed eye, of forming them 
into almost any desired figures. But the illustration should 
not, nor was it designed to lead us to set down as purely 
imaginary the visible peculiarities of stellar arrangement. 
This would be an extreme quite as mischievous as that of 
unqualified credulity, since there is cumulative evidence that 
the peculiarities in question are, in many cases, real and 
significant.' 

Mr. Proctor expressed his conviction that " star streams " 
will eventually prove themselves genuine by the unanimity of 

1 Cel. ObjeeU, p. 828. 

« Monthiy Notices, yoL L p. 62. Gf. Barnard, ibid. p. 814 ; Backhonae, ibid. 
p. 874. 

* I\ihlieaii<m$ West ffendon Observatory, yola. i ii 
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their proper motiona.^ And it is obvious that they can only 
subsist upon this condition. Their order would otherwise 
be a merely passing coincidence. Stars marching "in 
Indian file/' are presumably swayed by an identical force 
acting upon them from a very great distance. The group 
that they form is not self-centred, but makes only a part of a 
larger organisation. Segregation, on the other hand, is the 
distinguishing "note'' of true clusters. They might be 
described as autonomous democracies, each of their members 
obeying the united commands of all, while outside influences, 
although exerted upon them collectively, are without effect 
upon their internal regimen. 

A "streaming" can then be discriminated (at least 
ideally) from a " clustering " collection of stars, by the circum- 
stance that the centre of movement of the one is external, 
of the other internal It may possibly be found that the two 
plana of organisation prevail respectively in different sections 
of the Milky Way ; there is some appearance that they not 
unfrequently compete or combine within the same cluster, the 
streaming tendency working towards the 'dissolution, the 
clustering tendency for the preservation of the sjrstem. This 
is not the only feature of sidereal construction which conveys 
a hint to us that the world of stars and nebulae is in a state 
of transition. We see it in only one phase of its long develop- 
ment. To regard its condition as settled upon an imalterable 
basis, would be to misconstrue signs everywhere l^ble to 
attentive scrutiny. 

Since stars and nebulse are undeniably united into a 
single scheme, our view of the imiverse must embrace both 
classes. The distribution of nebulae is in fact complementary 
to the distribution of stars. Assemblages of the one kind fill 
in the outlines left blank by the assemblages of the other. 
The Milky Way, so far as can be immediately discerned, is a 
rifted and irregular ring, furnished with innumerable tenta- 
cular appendages, and composed of stars in every stage of 
aggregation. This ring, however, has obvious geometrical 
relations with the rest of the sidereal structure. It marks the 
equator of a vast globe, of which the poles are canopied by 
the nebuke. Necessarily, too, of a rotating globe, since axial 
^ Vmoeru of Stars, p. 84. 
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movement alone gives rise to the distinction between poles and 
equi**^'>r. 

The opinion that the shape of the visible imiveEse is 
spherical^ or spheroidal, rather than lenticular, was expressed 
by Badau/ Klein, and Falb.' The polar relations of the 
nebulae to the plane of the Milky Way admit indeed of no 
other interpretation. And these relations can scarcely have 
been determined otherwise than by the rotation on an axis of 
the colossal, undivided voluma The condition thus indicated 
as primitively existing may have become modified with time ; 
and, even if still prevalent, should be unrecognisable by us, 
since the relative situations of the heavenly bodies would, as 
Falb remarked, be absolutely unaffected by it 

All that we can see clearly is that an universal movement 
of rotation had much to do with the present distribution of 
matter in sidereal space. Whether the forces which have 
brought it about are still active, must remain an open question. 
The opposite tendencies of stars to gather in the equatorial 
plane, and of nebulae to stream towards the poles of the 
system, may not even yet be exhausted ; but the decision of 
this point must be left to a dim futurity. The efficacy, in 
the past or at present, of contrary drifts would apparently 
imply an inherent difference in the qualities of the objects 
respectively swayed by them ; and would, so far, contribute to 
invalidate the consecrated hypothesis of stellar development 
from nebulse. 

We can, indeed, hesitate to admit neither the fundamental 
identity of the material elements of the universe, nor the 
nebulous origin of stars. The transition &om one to the 
other of the two great families of the sidereal kingdom is so 
gradual as to afford a rational conviction that what we see 
contemporaneously in different objects has been exhibited 
successively by the same objects. Planetary nebulae pass into 
gaseous stars on one side, into nebulous stars on the other ; 
the greater nebulae into clusters. The present state of the 
Pleiades refers us inevitably to an antecedent condition closely 
resembling that of the Orion nebula ; the Andromeda nebula 

1 Bull. A$tr, t. iL p. 88. 

* ffandUntch der HimmelsenchsimMgen, Th. ii. p. 812 ; Sirius, Bande m 
p. 10, yiii. p. 198. 
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may represent the nascent stage of a splendid collection of suns. 
But even though stars without exception have sprung from 
nebulae, it does not follow that nebulae without exception 
grow into stars. The requisite conditions need not invariably 
subsist Other ends than that of star production are 
perhaps met and promoted by the chief part of the present 
nebidous contents of the heavens. The contrast between 
stellar and nebular distribution is intelligible only as express- 
ing a definitive separation of the life-histories of the two 
classes — a divergence destined to be perpetual between their 
lines of growth. 

Progress, then, is the law of the universe. From its 
present state we can obscurely argue a "has been" and a 
" shall be." The fEice of the skies is not cast in stereotype. 
''As a vesture Thou shalt change them, and they shall be 
changed." They shall change, by no caprice of hazard, but 
in subjection to laws unalterable in their essence although 
infinitely various in their applications, divinely directed 
towards the continually more perfect embodiment of the 
unfolding Eternal Thought 

But the glory of the heavenly bodies, it is asserted, must 
come to an end. It results from a merely transitory state of 
thinga The radiations, by virtue of which they shine, are 
the outcome of what may be figuratively termed the effort of 
nature to establish a universal thermal equilibrium. This 
condition will be attained when the frigid ''temperature of 
space " reigns in all the millions of bodies which once were 
suns, and will thenceforward revolve, amid "darkness that 
may be felt," the mechanism of their movements unimpaired, 
but inert, lifeless, and invisibla Is this then the pre- 
destined end ? Science replies in the affirmative. That is to 
say, it knows no better. Yet there is much as to which it is 
ignorant. Matter rests upon a subsensible basis, into the 
arcana of which no inquiry has penetrated. The observation 
of phenomena leads, it may be said, to the shore of an all- 
dififiisive ocean of force, the existence of which is implicated 
in their occurrence. That is all we know ; at the brink of 
the ocean we pause, helpless to sound its depths, or number 
the modes of its manifestations, or predict the tasks of re- 
novation or preservation committed to it. We can only 
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reoognise with supreme conviction that He who made the 
heavens can restore them, and that when the former things 
have passed away, and the scroll of the skies is taken out of 
sight, "like a book folded up/' a "new heaven and a new 
earth " shall meet the purified gase of recreated man. 
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TABLE I 
Ths 40 Bbiohtest Stabs in ordkr of MAOinTin>s' 

THE SUN. STBLLAB MAQNITIIDB -26S 



DesigDaticm. 


R.A. 

1900. 


Dee. 

1900. 


lii«. 


Spectxum. 


Bmnarlu. 


SirioB 


h. m. 
6 407 


-16*85' 


-1-58 


Sirian 


Binary ; satellite of 10«. 


GanopoB . 


6 21*8 


-62' 89' 


-0-86 


Sirian-solar 


Inaensible paiaUax. 


a Oentanri 


14 82-8 


-60*26' 


+0-06 


Solar 


Components of O-se^ and 1 *61b. 


Vega . . 


18 88-6 


+88*41' 


0-14 


Sirian 




Capelk . 


6 9-8 


+ 46*54' 


0-21 


Solar 




Arotoms . 


14 11-1 


+ 19*42* 


0-24 


Solar 




Rigel . . 


6 9-7 


- 8*19' 


0-84 


Helium . 




Prooyon . 


7 84-1 


+ 6*29' 


0*48 


Sirian-solar 


Binary ; aatelUte of IS^. 


Achmmar . 


184-0 


-57*44' 


0-60 


Helium . 


Real farightnest 18 times aolar. 


B Gentaori 


18 56-8 


-59*58' 


0-86 


Helium . 




Altair . 


19 45-9 


+ 8*86' 


0-89 


Sirian 


Spectrom taavy. 


Betelgeuz 


5 49-8 


+ 7*28' 


1-0 to 1-4 


Antarian . 


Ixregnlsrly -variable. 


a Cmoia . 


12 21-0 


-62*88' 


1-05 


Helium . 


ComUnes two eqoal stars. 


Aldebaran 


4 80-2 


+ 16*19' 


1-06 


Solar 




PoUux . 


7 89-2 


+ 28*16' 


1-21 


Solar 




Spioa 


18 19-9 


-10*88' 


1-21 


Helium . 




Antaret . 


16 28-8 


-26*18' 


1-22 


Antarian . 


Oompanlon gives a Siiian 
spectmm. 


Fomalhaut 


22 521 


-80* 9' 


1-29 


Sirian 




ttCymi . 


20 88-0 


+ 44*55' 


1-88 


Sirian 


Insensible paiallaz. 


Regiilus . 


10 8-0 


+ 12*27' 


1-84 


Helimn . 




^Gracis . 


12 41-9 


-69* 9' 


1-50 


HeUnm . 


XcClean's "oxygen star." 


Castor . . 


7 28-2 


+ 82* 6' 


1-68 


Sirian 


Components S-Om and 2-86». 


YCracis . 


12 25-6 


-56*88' 


1-60 


Antarian . 




e Canis Majoris 
€ UrsfiB Majoria 


6 54-7 


-28*50' 


1-68 


Helimn . 




12 49-6 


+56*80' 


1-68 


Sirian 




BeUatriz . . 


5 19-8 


+ 6*16' 


1-70 


Helinm . 




X Soorpii . 


17 26-8 


-8r 2* 


1-71 


Helium . 


« 


eCariiuB . 


8 20-5 


-59*11' 


1-74 


Solar 


llinotnun composite. 


« Ononis . ' 


5 81-1 


- 1*16' 


1-75 


Helium . 




pTauri . 


6 20 


+ 28*81' 


1-78 


Helium . 




/9Cariiifle. 


912-1 


-69*18' 


1-80 


Sirian 




aTriangoli 


16 38-1 


-68*51' 


1-88 


Solar 




Anstralis 













^ See Ed/rvard Annals, yol. xlviii. No. 4. 
377 
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DerignatioiL 


190Q. 


Dec 

1900. 


lli«- 


Spectnim. 


Remarks. 


aPersei . 


h. m. 
8 17*2 


+ 49*80' 


1*90 


SoUr 




^ Ononis . 


5 35*7 


- 2* 0' 


1*91 


Heliam 


OompoiMnts of S-0- and 4-»>. 


ij UnsB Majoris 


18 48*6 


+ 49*49' 


1*91 


Helium . 




7 OemlDorum . 


6 81*9 


+ 16*29' 


1*98 


Sirian 




a Une MajoriB 
eSagittarii 


10 67*6 


+ 62*17' 


1*95 


Solar 




18 17*5 


-34*26' 


1*95 


Sirian 




8 Oanis Majoris 


7 4*8 


-26*14' 


1*98 


Solar 


1 

1 


p Ganis Majoris 


6 18*3 


-17*54' 


1*99 


Helium . 





SDoradtlB 

i| Carina . 

R Corona 
Borealis 

u Herculis 
RScuti . 

RWCygni 



TABLE II 

Ebprbsentativb Variablb Stars 

1. LONGPERIOD VARIABLES 



Name. 


R.A. 

i9oa 


Dec. 
1900. 


Range in 
Mag. 


Period in 
Day.. 


Bemarka. 


MiraCeti 

U OrioniB 
RCarina. 

RNomuB 

vS^iii ; 


h. m. 
2 14*8 

5 49*9 
9 29*7 

15 28-8 

19 46*7 

20 48*2 


- 8*26' 

+ 20*10' 
-62*21' 

-49*10' 

+ 82*40' 
+ 18*58' 


1*7- 9*6 

5*8-12*8 
4*5-10 

7 -11-5 

4*5-18*6 
7-8-17-8 


882 

876 
810 

471 

406 

540 


Period sul^Ject to derlatiaw 
of tally 80^ ticom the mean. , 
Rise oocnpieB 125^. i 

Spectnim third lype, with* 
bright H-linee at maximum. 

in the period oompriaed in 
about & yean. 

Seoondaxy maxima and mini- 
ma obeerved by Innee. 

Period slowly lengthening. 

Range of magnitode the widest 
known. 



2. IRREGULAR VARLA.BLBS 



5 18*9 

10 41*2 
15 44*4 

17 13*6 

18 42*2 

20 25*2 



-69*21' 

59*10' 
+28*28' 

+88*12' 

- 6*49' 

+89*39^ 



8*2- 9*8 

-l*0- + 7*7 
6*6-101 

4*6- 6*4 

4*8- 7*8 

7*7-10*5 



In duster N.G.a 1910. Spee- 
trom flist type with far^t 
H-lineSi 

At a constant w»iw«iw«»n ainee 
1886. 

Sudden Ikilnrea of light afftct 
this stsr at uncertain in- 
tervals. 

Heliam spectrom ; diffbee 
lines. Radial velocity widely 
variable. 

Spectrum solar with bright I 
lines. Radial velocity con- 
stant at +42 kms. per 
second. 

Spectnim probably variaUe; 
of four& type in 1885 
(BspinX 
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3. CEPHBID VARIABLES 




Nmo. 


B.A. 
1900. 


Dee. 

1000. 


B^je^ln 


Period in 


Bemarki. 


ULepoTis 

R Musce . 
WSagittari . 

If Aqnila . 

TVulpeoula . 
S Cephei . . 


h. m. 
4 62*0 

12 86-0 
17 68-6 

19 47*4 

20 47*2 
22 26-4 


- 21^22' 

-68*62' 
-29*86' 

+ 0*46' 

+27*62' 
+67*64' 


9-0-10-0 

6*6- 7-6 
4-8- 61 

87- 4-6 

6*6- 6-6 
87- 4*6 


18-9 

0-8 
7-6 

7-1 

4-4 
6-8 


Rise rery ispld. Period 
lengUiening (iiuifle)^ 

aidiftry p^od of fB^ indl- 
cated(CcurtinX 

edlpsing. Speotmm eolsr 
type. 



4. GSMmiD VARIABLES 



j" Oeminomm . 


6 68*2 


+20*48' 


8-8- 4-8 


10*2 


Non-ecUptiiigbinanr. Doable 
periodicity Indicated (Ounp. 


V Puppia . 


7 66-4 


-48*68' 


4-1- 4-8 


1-4 


Spectroeoopiobinaiy. Helium 
•pectnun. 


S Antlitt 
WUnffiMajoria 


9 27-9 
9 867 


-28*11' 
+66*26' 


6-8- 6*8 
7-9- 8-6 


0-8 
0-17 


Sirian-eolar speetram. 
Ught-eorre nearly lymme- 

trical (M illler and Kempf, 

1008). 


pLyne . . 


18 46-4 


+88*16' 


8-4- 41 


12-9 


briffhtUnei. Doable perio. 


VVulpecul* . 


20 82*8 


+26*16' 


8-8- 97 


767 


Light -change anaiogooa to 
tilator^Lyx». 



6. CLUSTER VARLiBLES 



Na8c#0entaiiri 

No. 7 Mealier 6 

S Am 
YLyra . . 

14. 1904 Gygni 

UYOygni 



18 20-8 

16 18-6 

17 61-6 

18 84*2 

20 1-8 
20 62-8 



-46*67' 

+ 2*27' 

-49*26' 
+48*62' 

+68* 4' 

+80* 8' 



12-8.14-8 

18-6-14-9 

9-6.10-8 
11-8.12-8 

107-11-6 

9-6-10-4 



0-62 

0-60 

0-46 
0-61 

0-18 

0-6 



One of 128 variable oomponenti 
of the gnat ■outhem oloater. 
Nearly constant minimam 
ofQi^aaiation. 

Sitoated in the elobolar clos- 
ter in Libia. Mlnimam laata 
0-4 of total period. 

Rlaea to maximom in 1 h. 10 m. 
Inenaae of light effected in 
lh.80m. 

DieooTcred by Madame 
OecasUinlOO*. 

Biie completed in 1 h. 68 m. 
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TABLE m 
List of Ecuramo Stabs 



NameofSter. 


i9oa 


Dws. 
IMa 


PBriodin 
Dtyi. 


FhHeiB 


Rennrka. 




h. m. 










UGephei. . 


58-4 


+81*20' 


2-6 


7-0^ 9-2 


Dufttlon of phMB sll b. 


ZPeraei . 


2 88-7 


+41-86' 


8-1 


9-4-12 


DiMO?wedbyWiIIiaiiM,1901 . 


Algol . . 


8 17 


+40' 84' 


2-8 


21- 8-2 


Sp6etn)80opl<mll7 ▼wilted m | 
VogeliainS. 1 


RT PeiMi 


816-7 


+46-12' 


0-86 


9-6-11-0 


FbiM ooeoplM Si b. D» , 
ooTend by MadanM Osnaki 
in 1904. 


XTanri . 


8 66-1 


+ 12*12' 


8-9 


8-8- 4-2 


FhMe ImU 10 b. Bolipsiiig 
itarptttUlylnmiiiaiw. 


BCanisMijoria 


7 14-9 


-16-12' 


1-1 


6-7- 6-8 


Fh»M oompleted in 5 b. 

tbat of tbo nm (H. K. 
BiumUX 


YCunelopardali 


7 27-6 


+ 76*17' 


8-8 


9-6-11 -2 


Di80OT«red by Madrnme 
O«uklinl900. , 


B* Pnppis 


7 48-6 


-4r r 


6-4 


10-0^11-0 


PbBM tastB 1« b. Onnes). 
Douriibr of vjatem Ititi Kdv 




XCariniB. . 


8 29*1 


-68*68' 


0-6 


7-9- 8-7 


Two biigbt itan, revolnng 














in U% uidMgo attcnate 1 
eeUpaeaCBober&X 


SCancri . 


8 88-2 


+ 19*24' 


9-4 


8D-10-2 


l>aiatt(mofpba86n|>b. Dea- 
aity BO^Htt solar (BaanU). 


S Velomm 


9 29-4 


-44*46' 


6*9 


7-8- 9-8 


Fbaae oooapiea 15 b. Density ' 
■0*04 aoiar (Roiaell). 


R* Veloruin 


10 17-8 


-41*61' 


1-8 


10-0.10-9 


Dwation of pbaae -8 b.»aL 












Z Dnconifl 


11 89-8 


+72*49' 


1-4 


9-4-12-6 


Fbaae aooompUabed in « b. 40 


























OenaUlnlMft. 




a Libra . 


14 56-6 


- 8* 7' 


2-8 


6-0. 6-2 


Fbaae ooeaplaa IS b. Badial 
▼eloeity widely variable. 




U Corona Bo- 


16 14-1 


+82* 1' 


8-4 


7-6- 8-7 


Duration of pbaae ^10 h. 




realifl 










Fttiodabortening. Density 
aO'l solar (Boasell). 




BAra . 


16 81-4 


-66*48' 


4-4 


6-9- 80 


Dwation of pbaae «9 b. 80 m. , 
(Boberts). 


U Ophiuohi 


1711-4 


+ 1*19' 


0-8 


6D- 67 


Fbaae ooenpies 6 b. SO m. 1 
Feriod afltoted by an in- ; 












eqoalltrejiaioal in aboat ST 




BVOpliiaehi . 


17 29-8 


+ 7*19' 


! 


9-0-11-2 






Z Heroulis 


17 68-6 


+ 16* 9' 


8-9 


7-1- 7-9 


Two ane<iaal eeUpees take 












pbtce In eaeb period, tbe 














principal lasting e-6 b., the 
seoondaiy 4 b. (I>an4r). 




BSSagittarii . 


18 11-0 


-84* 8' 


2-4 


67- 6-8 


Period unequally divided by 
a secondaiy mininram sbow- 
ina orbitel eooentrid^ 
»0^ (Roberts). 
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NuMOfStar. 


B.A. 

i9oa 


190a 


Fwtodin 


PhBMln 


lUfm».x^i^ 




b. m. 










V Serpentis . 


18 11-1 


-W88' 


8-6 


9-6-10-0 


Period halyed by a seocmdAiy 
minimum (PlekoiiBg). 


RX Heioolis . 


18 260 


+12^82' 


0-8 


7-0- 7-6 


Period compriaes two unequal 
mlnlmfti BcUpeins ehanus- 
ter doubted by Tendell. 


UScuti . 


18 48-9 


-12*44' 


0-96 


9-1- 9-6 


Dontion of phase s6 h. 
Beeondary minima indicated. 
DiaeoTored by Getaaki in 
1901. 


RVLyro 


19 12-6 


+82*16' 


8-6 


11-0-12-8 


Diaooveted by Wflliama, IWS. 


USagittsB 


19 14-4 


+19*26' 


8-8 


6-6- 9-1 


Fbaae oocupiea IS h. Dla- 
covered by Schwab, 1901. 


ST Gygni 


19 427 


+82*28' 


6-0 


lO-O-W-l 


Discovered by Madame 
Geraaki in 190a 


W«Cygni 


20 0*6 


+41*18' 


8-8 


9-8-12-6 


Diaoovered by Madame 
Caraakl In 1904. 


SW Cygni 


20 8-8 


+46* 1' 


4-6 


9-0-117 




VWCygni 


20 11-4 


+84*12' 


8-6 


9-8-11-8 


Phase lasU19|h. Discovered 
by WiUiama, 1908. 


UWOygni 


20 19-6 


+42*66' 


8-4 


10-0-12-0 


by WOliams, 1901. 


W Delphini . 


20 881 


+ir66' 


4-8 


9-4-12-1 


Duratlonof phase »Uh. Dis- 
covered by Miss Wells, 1805. 


Y Cygni . 


20 48-1 


+84*17' 


1-4 


7-1- 7-9 


System probably compoaed 
of two mntoally eclipsing 
equal Stan revolving in 
twice the light-period 
(DunArX 


V Cygni. 


21 2-8 


+46*28' 


1-6 


12-4-187 


Discovered by Madame 
Caraakl, 1902. 


UZ Cygni 


21 56-2 


+48* 62* 


81-8 


8-9-11-6 


Phaae lasts 9A. Discovered 
by Mrs. Fleming. 1902. 
Secondary minima observed 
by Hartwlg. 
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TABLE V 
List ot Stass with sinsible Pakallaxks ^ 



Name Of Star. 


1900. 


Dee. 
1900. 


Mag. 


Faiallaz. 


Authority. 


fi GaasiopeuB . 
Groombndge 84 


h. m. 
8*8 
0127 


+ 58' 86' 
+ 48^27' 


2-4 

8-0 


O'-IS 
0'-29 


Pritehard. Photography. 
Auwers. Differences of K. A. 


f Toucani 


14-9 


-65- 28' 


4-8 


0^138 


Elkin. Heliometer. 


^Hydri . . 


20-5 


-7r49' 


2-9 


0'-184 


GilL HeUometer. 


a Cassiopeia . 


84-8 


+ 55*59' 


2-5 


0^-04 


Pritchard. Photography. 


11 CassiopeiflB . 


48-0 


+ 57^7' 


8*6 


0*-18 


Peter. HeUomete?. 


11 Cassiopeia . 


1 1-6 


+54*26' 


5-2 


0'-18 


Peter. Heliometer. 


Polaris . 


122-6 


+ 88*46' 


21 


0*-05 


Pritchard. Photography. 
GilL HeUometer. 


FomalhMit 


184-0 


-57*45' 


0-6 


0*-04 


rCeti . 


139-4 


-16*28' 


8-6 


0^-81 


Flint. Differences of R. A. 


e Eridani . 


8 15-9 


-48*27' 


4-8 


0'-15 


Elkin. HeUometer. 


o» Eridani 


4 107 


+ ir48' 


4-5 


0**166 


GilL HeUometer. 


Aldebaran 


4 80-2 


+ 16*19' 


1-1 


0^-107 


Elkin. HeUometer. 


Z.C. 6J» 248 


5 67 


-45* 3' 


8-5 


0**812 


De Sitter. HeUometer. 


Capella . 


5 9-8 


+ 45*54' 


0-2 


0^-08 


Elkin. Heliometer. 


Betelgeux 


5 49-8 


+ r23' 


l-0± 


0*028 


Elkin. HeUometer. 


^Auriga 
Sirius 


6 89-5 


+ 48*41' 


6-8 


O'-ll 


Schur. Micrometer. 


6 407 


-16*85' 


-1*6 


0^-37 


GiU. HeUometer. 


51 Hey. Cephei 


6 537 


+ 87*12' 


5-2 


0^-027 


Wagner. Meridian obaer- 

Tations. 
Cnrtiss. Spectroscopic mea- 


Castor . 


7 28-2 


+ 82* 6' 


1*6 


0^-05 


Procyon . 


7 34-1 


+ 5*29' 


0-5 


0'-325 


sures. 
EUdn. HeUometer. 


Pollux . 


7 89-2 


+ 28*16' 


1*2 


0^-056 


Elkin. Heliometer. 


Lalande 16290 . 


7 47-2 


+80*58' 


8-2 


0^-02 


Peter. HeUometer. 


lOUrsaMigoris 


8 54-2 


+42*11' 


4-1 


0'-02 


Wagner. Meridian obser- 

rations. 
Peter. HeUometer. 


Lalande 18115 . 


9 7-6 


+58* r 


7-8 


(f'\% 


Ursa Maoris 


9 26-2 


+ 52* 8' 


8-8 


0**09 


Peter. HeUometer. 


Lalande 10022 . 


9 87-1 


+43*10' 


8-0 


0^-06 


Ki^teyn. Differences of 


20LeoniBMinori8 


9 55*2 


+82*25' 


5-5 


0'-06 


Kapteyn. Differences of 
Elkin. HeUometer. 


Begnlns . 


10 8-0 


+ 12*27' 


1-8 


0^-022 


Oroombridge . 

1618 
Groombridge . 

1646 


10 5-2 


+ 49*58' 


6-8 


0**17 




10 21*9 


+49*19' 


6*5 


0*11 


Kapteyn. Differences of 


Groombridge . 
1657 


10 277 


+49*42' 


7*6 


0*-048 


E^teyn. Differences of 


Lalande 21185 . 


10 57*9 


+86*88' 


7*6 


0**844 


H. N. BnsseU. Photo- 
graphic measures. 


Lalande 21258 . 


11 0*5 


+44* 2* 


8-5 


0**24 


Kapteyn, Auwers, and 
De BaS!'' Micrometer. 


2 1516 . 


11 8*6 


+74* 1' 


7*0 


0**10 



^ In preparing this list recourse has been had to several authorities, especiaUy to the 
lar collections published hr *' * ^ «. . , -~ «. . - 

Publications^ Na 8, respectiyel] 



simUar collections published by Newcomb and Kapteyn, in The Skun and Orimimgm 
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Name Of Star. 


R.A. 
1900. 


Dec 
1900. 


Mag. 




Anthorilij. 


A. Oe. 11677 . 


11 14-8 


+66*28' 


9-0 


0*10 


Franz. Heliometer. 


Bndle7l584 . 


11 29*6 


-32-18' 


6-0 


o'-os 


Flint Differences of B. A 


2 1561 . 


11 S8'5 


+45*40' 


6-7 


0^-04 


Eapteyn. Differenoea of 


Qroombridgd . 
1822 


1140-8 


+48*14' 


8-0 


0*-08 


Groombridge . 

1880 
Groombridge . 

1855 


1147-2 


+ 38*26' 


6-6 


0^-148 


Eapteyn and others. 


12 4-6 


+40*49' 


7-8 


0^-07 


Eapteyn. Differences of' 


a Crucis . 


12 21-0 


-62*83' 


1-0 


0^-05 


GilL HeUometer. , 


y YirginiA 


12 86-8 


- 0*55' 


2-9 


0^-074 


H.N.Rii88elL Photognphy. 


/SGoms . 


18 7-2 


+ 28*23' 


4-5 


0*-ll 


Peter. Heliometer. ! 


^ Gentanri 


IS 56-8 


-59*53' 


0-9 


o^-os 


Gill. Heliometer. 


Arctmns . 


14 11-1 


+ 19*42' 


0-24 


0^-024 


Elkin. Heliometer. 


a Centauri 


14 82-8 


-60*25' 


006 


0'-75 


GilL HeUometer. 


Pi*7.ri XIV. 212 


14 51-5 


-20*58' 


6-8 


0*-167 


De Sitter. Heliometer. 


Ulande 27298 . 


14 52-3 


+ 54* 4' 


7-5 


0^-088 


Peter. Heliometer. 


Antarea . 


16 28-8 


-26*13' 


1-2 


0^-021 


Finlay. Heliometer. 


fl Hercnlis 


16 89-5 


+39* 7' 


8-6 


(r-40 


Wagner. Meridian drele. 


a Heronlis 


17 10-9 


+ 24*57' 


3-2 


0^-05 


Learenworth. Micrometer. , 


r Herculia 


17 11-6 


+ 36*55' 


8-4 


0^-11 


Wagner. Meridian cirde. ; 


v' Draconis 


17 80-2 


+ 55*15' 


4-9 


0^-82 


Wagner. Meridian circle. • 


A. Oe. 17415 . 


17 87-0 


+68*26' 


9-0 


©•-25 


Kniger. Heliometer. 


70 Ophiuchi . 


18 0-4 


+ 2*31' 


4-2 


0^-158 


Ertiger. Heliometer. ! 


Vega . . 


18 33-6 


+ 38*41' 


0-14 


0*-082 


Elkin. Heliometer. 


2 2398 . 


18 41-7 


+59*29' 


8-2 


0'-35 


Lamp. Differences of declin- 
ation. 


81 Aquilffi 


19 20*2 


+ 11*44' 


5-8 


0^-068 


Peter. Heliometer. 


<r DnusoniB 


19 82-6 


+69*29' 


4-8 


0'-175 


Peter. Heliometer. 


Altair 


19 45-9 


+ 8*86' 


0-9 


0'-231 


Rlkin. Heliometer. 


61 Oygni . 


21 2-4 


+ 88*15' 


6-1 


0*-87 




a Equnlei 


21 9-6 


+ 9*36' 


4-7 


0'07 


sures. 
Hussey. Spectroeoopic. 


e Indi 


21 55-7 


-57*12' 


4-8 


0'-278 


GiU and Elkin. HeUometer. 


a Gruia . 


22 1-9 


-47*27' 


2-2 


0"'015 


GiU. Heliometer. 


Ertiger 60 


22 24-5 


+ 57*12' 


9-0 


0^-278 


Schlesinger. Photographic 
measures. 


Fomalhaut 


22 521 


-30* 9' 


1-8 


©•-ISO 


GilL HeUometer. 


LacaiUe9852 . 


22 59-4 


-36*26' 


7-1 


0*-288 


GilL Heliometer. 


Bradley 8077 . 


23 8-5 


+ 56*37' 


6-0 


0*-188 


Peter. Heliometer. I 


86 Pegaai. 


28 57-0 


+ 26*33' 


5-8 


0^-064 


Brtinnow. Micrometer. 
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TABLE VI 
List of Stabs with Propbb Motions of l^-O and Upwabds 



NuneofStur. 


1900. 


Dec. 
1900. 


Msg. 


Annual 
Motion. 


Bamarks. 


Z.O. 6^ 248 


h. m. 
6 7-7 


-45' 8' 


8-5 


8^-7 


tram C.P.D. plates. 
AxKelander'8 "lying star." 


GroombridgelSdO 


11 47-2 


+88'»26' 


6-6 


7''-0 


LacaiUe 9852 . 


22 59*4 


-86'*26' 


7-1 


7^-0 


Dlstanoe«rll( light-yean. 


Cordoba 82416 . 


28 59-5 


-87*' 26' 


8-2 


6^-2 


" Gould's Btar " In Scnlptor. 


61 Cygni . 
Lalande 21186 . 


21 2-4 


+88^5' 


6-1 


6''-2 


Cknnponents 21' apart 


10 57-9 


+ 86-88' 


8-6 


4''-8 




e.Indi 


21 55-7 


-57^2' 


4-8 


4''-7 




L&lande 21258 . 


11 0-5 


+ 44* 2' 


8-5 


4-'-4 




o^Eridani 


4 10-7 


- 7*48' 


47 


4-'-l 


Chief of a triple syston. 


fi Cassiopeia 


1 1-6 


+54*26' 


5-4 


8'-8 




a Centauri 


14 82-8 


-60*25' 


0-6 


8^-7 


Oomponents 22* apart 


A. Oe. 14818 


15 4-7 


-15*59' 


9-8 


M 


Stars 6' apart 


A. Oe. 14820 . 


15 4-7 


-15*54' 


9-2 




Lacaille 8760 . 


21 11-4 


-89*15' 


6-8 


STA 




e Eridani . 


8 15-9 


-48*27' 


4-4 


dT'i 




A. Oe. 11677 . 


11 14-8 


+ 66*23' 


90 


df-O 




e Eridani . 


8 28-2 


- 9*48' 


8-8 


r-o 




Groombridffe 84 
PiamII.123 . 


12-7 


+48*27' 


7-9 


r-s 


Doable at 40* interraL 


2 80-6 


+ 6*25' 


6-0 


r-A 




Lalande 25872 . 


18 40-7 


+ 15*26' 


8-5 


rz 




ArctnroB . 


14 11-1 


+ 19*42' 


0-2 


rs 




2 2898 . 


18 41-7 


+ 69*29' 


8-2 


r-z 


Oomponents IV apart 


/JHydri . 
Lalande 7448 . 


20-5 


-66*28' 


2-7 


r-z 




8 56-5 


+ 85* 2' 


8-5 


r'2 




WeisseV. 592 . 


5 26 4 


- 8*42' 


9-0 


2^-2 




Bradley 3077 . 


23 8-5 


+56*87' 


6-0 


2'-l 




fTacano) . 


014-9 


-65*28' 


4-1 


r-o 




Lalande 15290 . 


7 47-2 


+80*56' 


8-2 


2"-0 




Piam XIV. 212 


14 51-6 


-20*68' 


6-0 


2'-0 


Doable stsr at ir. A double 
occtdtstion of the smaller com- 
ponent obaerred by Innes, 
September 21, 1904. 


rCeti . . 


189-4 


-16*28' 


8-7 


V'95 




Trftcaille 661 


2 6*4 


-51*19' 


6-5 


r-9 




<r DraconiB 


19 82-6 


+ 69*29' 


4-8 


l'-9 




Auwers A.G.C. 


18 40-2 


+ 18*20' 


9-0 


l''-9 




4999 













25 
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TABLE VII 



Stabs m Swdt Lihxab Moyimknt 



1. KADUL TBLOOITIBS 



NuMorStar. 


MMg. 


Speetmm. 


Velodty in mllea per 
Moond. iteoeMlon ilgni- 
flad by +, approaoh bgr -. 


BmmrkM. 

1 


^Orionis 


4-4 


8oUr 


+62 


Meunred I7 H. M. Baese •' 
(Uck BnUeUn, No. SI). < 


M GuuopeiflB . 


6-4 


f> 


-61 


Ouap\iBll,AMtnpk,J<mrm,i^ ! 


Groombridge 


6-6 


}} 


-69 


If ti 


1880 










e CftnU Mijorii 


4-2 


Antarianf 


+ 69 


*f It 


a LeporiB 


8-9 


Sokr 


+ 59 


11 II 


iy Cephei . 
cAndromecbB . 


4-0 


II 


-64 


„ „ vliL 157. 


4-6 


II 


-62 


„ adii-flR 


a Phosniois 


2-4 


II 


+48-5 


Detarmined by QUI. 190L 


/iSagittorii 


4-0 


Helium 


-48 


OunpbeU.loe.ea. ThiaisoM 
of the few heUnm-stan 
known to be iniapid iwitkn. 


IPegaai . 


4-2 


Pwbably 
Bolar 
Solar 


-48 


OunpbeU, loe. eU. 


j- Heroulu 


8-0 


-44 


BttopOlBky. Visiial binaiy. 


61 Gygni . 


6-1 


t » 


-84-5 


,, Total Teloei^ie- 
latlTe to eon » 61 mflet 
(TonngX 


Aldebftnn 


1-1 


II 


+84 


VogelandOunpbdL 


Capella . . 


0-2 


II 


+21 


H. C. Loid, AMtnph, Jown. 
xxLZlb. 


vLeonif . 


2-8 


II 


-20 


H. a Lord. Vteaal binary. 


X Draoonifl 


87 


1 


+ 20 


Si^j^pic binary (W. H. 
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3. TANGENTIAL YSLOCITIBS 



Name of Star. 


Hag. 


Faiallax. 


Velocity in miles 
per second. 


Remarks. 


Arotuma . 


0*2 


0*-026 


257 


Radial Tdocity » -4 miles a 
Moond (NewallX 


Lalande 15290 . 


8-2 


0*-028 


206 




Grooxnbridge 
1880 


6-6 


O'-M 


150 


Total Telodty in space IW 
miles a second. 


AC Gassiopeise . 


5-4 


0^-108 


108 




A. Oe. 11677 . 


90 


o^-io 


88 




ZuCY^. 248 . 


8-5 


0^-812 


82 




LacaiUe2957 . 


6 


0*-064 


78 




Lacai11e9852 . 


7-1 


0'-288 


78 




Os Eridani 


4-5 


0*-166 


72 




Groombridge 


8-0 


0*028 


71 




1822 










e Eridani. 


4-4 


0'-149 


61 




Lalande 21258 . 


8-5 


0*-288 


54 




2 1561 . 


6-7 


O'-OSS 


50 




gHydri . 
Bradley 8077 . 


27 


0*-184 


49 




6-0 


0*-188 


44 




i- Tuoame . 


4-1 


0*-188 


48 




e Urss Majoris 


3-4 


0''078 


41 


A W6^ comes at 6", shares 
its proper motion of l-'-U 
(Bamham> 


81 Aquilffi 


5-8 


0^-068 


41 




61 Cygni . 
a Gnus . 


61 


0*-37 


41 




2-1 


0*015 


40 


This star givea nearly eoo 
times the light of our son. 


















Heliam speetrom. 


Lalande 21185. 


7-5 


0*-351 


40 




Lalande 27298 . 


7-5 


0*-088 


86 




Lalande 18115 . 


7-5 


0*-188 


86 




PiazziXiyb212 


6-8 


0^-167 


85 




Lalande 19022. 


8-1 


0'-068 


85 




PoUux . 


1-2 


0^-056 


84 




RegnloB . 
20Leoni8Minori8 


1-8 


X 0^-024 


83 




5-6 


0*-068 


SO 




/9ComiB . 


4-5 


0*-118 


29 




Groombridge 84 


7-9 


0*-298 


28 
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Abbe, distribution of nebnlaB, 867 
Aberration of ligbt, annual, 284, 811 ; 

secnlar, 811-812 
Abipones, Pleiad-anoeetry, 216 
Abney, Sir William, total starlight, 7 ; 

pbotographic exposures, 28 
Absorption, atmospheric, 21 ; in stars, 

47, 50, 52, 57, 78, 186 
Adams, detection of spectroeoopic 

binaries, 192, 198, 222 
Airy, Sir George, stellar parallax, 284 ; 

investigation of the son's moyement, 

806, 807 
Airy, Miss, discernment of twelve 

Pleiades, 218 
Aitken, donble satellite of Bigel, 196 ; 

elements of e Hydne, 197 ; revolntion 

of a nebnloos binary, 204 
Alcor, companionship with Mizar, 201, 

218, 828 
Alcyone^ spectmm, 69 ; modem con- 

spicnonsness, 217 ; leader of the 

Pleiades, 217, 218, 219, 222, 227; 

proper motion, 219, 220, 221 ; actual 

brilliancy, 221 ; adjacent nebula, 224, 

225 
Aldebaran, brightness, 8, 22; spectral 

type, 41, 45; colour, 51, 185, 140; 

satellite, 159 ; parallax, 297 
Alexander, spiral theory of Milky Way, 

848 
Algol, a helium star, 87 ; eclipses, 117, 

127-128 ; nature of system, 128-180 ; 

perturbations, 129, 182 ; parallax, 

188 ; colour, 186 
Algol variables, 82, 126 ; periods, 182 ; 

mean density, 188 ; distribution, 184 ; 

rapid binaries, 180 ; two-fold eclipses, 

191 
Al Siifi, redness of Algol, 186; of a 

Hydrse, 186, 140; magnitude of $ 

Bridani, 180; brightness of the 

Pleiades, 217 ; notice of Andromeda 

nebula, 257 
Altair, designation, 2 ; magnitude, 22 ; 

spectrum, 41 ; parallax, 297 



America nebula, photographed by Wolf, 
270 ; vicinity drained of stars, 852 

Ames, hydrogen-lines in solar spectrum, 
44 

Anderson, discoveries of temporary 
stars, 90, 92; fading of $ Eridani, 
180 

Andromeds, 7, colours, 145 ; triple 
system, 196, 256 

Andromeda nebula, early observations, 
10, 257 ; spectrum, 69-70, 260 ; star- 
blaze in, 88-89, 261 ; structure, 268- 
259 ; linked with the Milky Way, 
269, 887 ; constitution, 260 ; oblique 
position, 260-261 ; intra-galactic, 850- 
861 

Antares, third-type spectrum, 60 ; colour, 
57, 187, 140; green sateUite, 144, 
145, 159 

Antarian stars, 85, 60 ; chemistry, 60- 
61 ; variability, 54 ; non - galactic, 
847, 370 

Anthelmus, discovery of a temporary 
star, 86 

Antlis, S, character of light - change, 
121, 126, 127 

Antoniadi, view of a planetary nebula, 
248 

Apex, of the sun's way, indicated by 
stellar displacements, 808, 804, 808 ; 
by radial velocities, 810 ; assigned 
positions, 805, 806, 807, 808, 809 

AquilflB, 1^ a variable spectroscopic 
binary, 118 

Am, R, an eclipsing star, 124, 126 

Am, S, a duster-variable, 120 

Arcturus, ancient identification, 2; 
magnitude, 8, 22 ; spectral type, 41 ; 
titanium absorption, 45, 827; affinities, 
61 ; thermal efficacy, 72, 74, 80 ; 
colour, 185, 186, 140 ; parallax, 297 ; 
linear velocity, 826 

Argelander, star enumerations, 1, 6, 11, 
846 ; identity of Tycho's Nova, 84 ; 
periodicity of Mira, 101 ; light-change 
of p Lyne, 122 ; of S Cancri, 130 ; 
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oolour of Aietonu, IM ; brightnen of 
Pleionfi, 218; detorminfttioo of the 
■oUr apoz, 806 ; method of least 
■qnere^ SOtf, 807 ; centre of solar 
orbit, 818 ; motion of 1880 Oroom- 
bridge, 822 
Axietie, y, dieoovery aa a double atar, 
150; Blowneas of rsrolntiona, 168, 
171 ; YariabiUty, 180 
Arrheninii luminoeity of nebula, 280 
Atlaa, fluetnating brigbtnesa, 218 ; pos- 
sible duplicity, 222 
Auriga, /S, a spectrosoopio Unary, 189 
AurigaB, c, remarkable character of 

TariabiUty, 105, 192 
Anwen, detection of Nova Scorpii, 88 ; 
orbits of SirluB and Procyon, 158, 
167 ; star-perallazes, 288, 291 ; re- 
duction of Bradley's observations, 807 

Bailey, dlsoovery of cluster • variables, 
118 ; their light-curres, 119 ; grouped 
in w Gentauri, 288 

Baily, antique records of the Pleiades, 
217 ; description of a star-cluster, 
285 

Ball, Sir Robert, parallax of Novm 
Cygni, 89 ; of 61 Cygni, 288 ; search 
for large psrallazes, 800 

Balmer, law of hydrogen-series, 89 

Barlow, description of ff Orionis, 208 

Barnard, observations of Nova, 86, 88, 
96, 142 ; of cluster-variables, 119 ; 
Stan within trapezium, 206 ; nebula 
in and around the Pleiades, 226 ; 
photographs of clusters, 228, 280 ; of 
nebulous stars, 241, 244 ; of diffused 
nebulosities, 271 ; of a perforated 
galactic cloud, 887 ; character of 
globular clusters, 240 ; discovery of a 
spiral nebula, 251 ; suggested move- 
ment of ring-nebula, 276 ; observation 
of a variable nebula, 277 ; parallax of 
61 Cygni, 288 

Bayer, nomendature of stars, 8; de- 
signations, 99, 102, 196, 286 ; Andro- 
meda nebula unnoticed by, 257 

Bellatrix, silicon - absorption, 87 ; un- 
modified radiations, 46 ; absence of 
iron-lines from spectrum, 47 

Btiopolsky, variable spectroscopic 
binaries, 118, 121, 181 ; unseen com- 
panion of Castor, 190 ; spectroscopic 
parallax, 286 

B«ssel, appreciation of Bradley, 12 ; dis- 
turbed motion of Sirius, 156 ; proper 
motion of 61 Cygni, 158 ; measures of 
tiie Pleiades, 219, 220, 221 ; investi- 
gations of stellar parallax, 284, 287- 
288, 289; detection of a partial 
system, 829 



Betelgeux, designation, 2; magnitnde, 
22 ; spectrum, 51 ; colour, 67, 135, 
186, 140 ; variabiHty, 109 ; paraUax, 
297 ; light-power, 298 

Binary sturs, defined, 152. See Double 

StSTB. 

Birmingham, Catalogue of Bed Stsra, 55, 
189 ; discovery of Nova Corona, S5 ; 
obeervations of red stars, 140, 141 ; 
their aggregation between Aquila and 
Cygnua, 142 

Boeddicker, delineation of Milky Way, 
887 

Boltsmann, validity of Stefan's Iaw, 
72 

Bond, 0. P., relatire lustre of Sirius and 
the sun, 22 ; photography of double 
stsrs, 165 ; lifts in Andromeda nebula, 
258-259; extent of the formation, 260 ; 
texture of Orion nebula, 265 ; catalogue 
of included stars, 268 

Boraston, spectral charaeteristics of star- 
groups, 871 

Boas, determination of solar apex, 307 

Bouillaud, period of Mira, 99 ; notice of 
Andromeda nebula, 257 

Boys, radiometrical experiments on star- 
heat, 78 

Bradley, standard observations, 12, 307, 
817 ; notices of double stars, 150 ; of 
Castor, 158, of 61 Cygni, 164, of y 
Aiietis, 158; stellsr parallax, 283, 
284 ; discovery of the abenation of 
light, 284 

Brahe, Tyeho, temporary star, 83-84; 
rsoord of $ Orionis, 205 ; brightness 
of Alcyonsb 217 ; Andromeda nebula 
ignored by, 257 ; stellar parallax, 282, 
283 

Br6dikhine, parallax of Draoo planetary, 
247 

Brisbane, magnitude of iy Carina, 106 ; 
of a Centauri, 158 

Bruce spectrograph, 33, 45, 821 

Bruce telescope, 24 

BrtLnnow, parallar of Draco planetary, 
247 ; researches in stellar parallax, 
292 

BuiTham, dark lanes in Hercules cluster, 
288 

Burchell, brightening of if Carina, 106 

Burton, spectium of Looped nebula, 69 

Bumham, chromatic double stars, 145 ; 
rejection of wide pairs, 161 ; dis- 
ooveries, 152, 169, 171, 181, 182, 195. 
198, 208, 204 ; movements of 61 
Cygni, 155 ; observation of Sirian 
sateUite, 156; criticisms of stellar 
orbital computations, 168, 169, 200 ; 
quadruple stars, 208; constancy in 
light of trapezium stars, 206; dose 
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pairs In the Pleiades, 222 ; nebulous 
doable star, 244 ; measores of Ring 
nebnla, 276 ; variable nebula, 279 

Calcium, in sun and stan, 42-44, 52, 58, 
55 

Campbell, bydrogen-lines in Mira, 58 ; 
in fi, Centauri and y Velonim, 61, 68 ; 
hydrogen-envelope of a star, 64 ; spec- 
tram of Orion nebula, 68, 79 ; spectro- 
scopic binariee discovered by, 121, 182, 
19^ 198 ; their proportionate number, 
188 ; solar translation firom stellar 
radial velocities, 810 ; import of result, 
818 ; swiftness of faint stars, 821 

Cancri, S, Algol-variable, 180; light- 
eurve at minimum, 181 

Cancri, ^, colours, 147 ; quaternary 
system, 198-200 

Cannon, Miss, discussion of stellar spec- 
trograms, 29 

Canopus, magnitude, 8 ; spectrum, 41, 
44, 298 ; insensible parallax, 298, 297 ; 
real briUianoy, 298-294 

Capella, apparent brightness, 8, 7; 
photometric rank, 22 ; special type, 
41, 42, 44, 75 ; binary character, 44, 
189 ; ultra - violet spectrum, 77 ; 
parallax, 190, 211 ; stage of develop- 
ment, 212 

Carbon, in sun and stars, 42, 61, 54, 55 

Carbon stars, 85 ; character of spectra, 
54, 55 ; affinities, 56 ; number regis- 
tered, 57 

Carina, X, nature of light-change, 124, 
125 

Carinn, 17, spectrum, 62, 96, 109 ; light- 
changes, 106-108 ; situation, 269 

Oarrington, discernment of Pleiades, 218 

Osssiopeitt^ B, 84. Sm Nova Cassiopein 

Cassiopeia, 7, gaseous spectrum, 59, 62, 
87 ; variability of bright lines, 60 

CassiopeiBB, 17, colours, 145 ; orbit, 156 ; 
masses and light-power of components, 
175, 176. 210 

Cassiopeia, /i, linear velocity, 826 ; 
spectral type, 827 

Castor, spectrum, 41 ; a double star, 
150 ; period of revolution, 158, 167 ; 
distant attendant, 159, 197; lumi- 
nosity, 176; a double speetaroeoopio 
binary, 190; spectroscopic parallax, 
190, 286 

Celoria, double annular theory of Milky 
Way, 845 ; star-sounding, 864 

Centauri, B^ a short-period variable^ 
125 

Centauri, a, magnitude, 8, 22 ; sun-like 
spectrum, 45 ; observed as a double 
star, 150 ; orbit, 153, 174 ; joint mass, 
154; mass and luminosity of com- 



ponents, 175, 210; spectroscopic 
parallax, 187, 286 ; annual parallax, 
287, 292 ; proper motion, 822 

Centauri, ft, spectrogram showiog bright 
lines, 60 

Centauri, m , variability of clustered com- 
ponents, 119, 120, 236, 287 

Cephei, U, nature of eclipses, 181 ; time- 
inequalities, 182 

Cephei, 8, short-period variable, 82, 117 ; 
a spectroscopic binary, 118 ; blue 
attendant, 145, 159 

Cepheid variables, 117, 118 

Ceraski, variabiUty of U Cephei, 181 

Ceraski, Madame, discovery of variable 
stars, 121 

Chamberlin, origin of spiral nebula, 278 

Chambers, catalogue of red stars, 189 

Chandler, catalogue of variable stars, 97 ; 
periods, 99 ; relation to colour, 114 ; 
inequalities of Algol, 129 ; variations 
ofTCygni, 182 

Chase, parallax of Algol, 188 ; parallactic 
survey, 800 

Cicero^ colour of Sirius, 185 

dark, Alvan, relative lustre of Sirius and 
the sun, 22 

Clark, Alvan O., Bruce telescope^ 24 ; 
discovery of Sirian satellite, 156 ; stars 
within the trapezium, 206 

Clusters, organic unity, 215, 288 ; mode 
of origin, 240 ; spectra, 241 ; crowded 
in Milky Way, 855 

dusters, globular, systemic constitution, 
238-285 ; variability of component 
stars, 286-237 ; distribution of stars in, 
284; variously organised, 238-239; 
non-nebulous, 240 

dusters, irregular, modes of conforma- 
tion, 227-228 ; bifid and perforated, 
229-280 ; diversified shapes, 281 ; no 
evidence of internal mobility, 282-233 ; 
nebular relations, 240, 241, 268, 859 

duster-variables, 117, 118-121, 286-287; 
in Orion nebuU, 268 

Coal-sack in Milky Way, 886 ; photo- 
graphed, 837 ; hypothesis in explana- 
tion, 347 

Cocoon nebula, situated in a star-laoona, 
353 

Colours, photographic effects, 26 ; of 
temporary stars, 84, 86, 87, 98, 95, 
141-142 ; of lucid stars, 135-186, 138, 
140 ; of double stars, 143-146, 160 ; 
allefi^ changes, 147-148 ; of nebulas, 
249, 264 

Comas Soli, variability of trapezium- 
stars, 205 

Common, photographs of nebula, 28, 
81, 89, 252 ; nebula in the Pleiades, 
224 
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Ck»mp•ri•0!l-8IMctn^ me of; 17, 29, 88, 
186 

Gonutoek, relatiTe nuwMt of 85 Ptogasi, 
175; linear velocity of £unt eUn, 
821 

Copelaad, spectrum of y Yelomm, 68 ; 
helinin in Orion neboU, 67 ; speotrom 
of Note Oygni, 87 ; map of adjacent 
Stan, 88 ; spectrum of Novs Andro- 
meds, 90 ; obserrations of red stars, 
140 ; of stellar nebnlc, 246 

Ckipemicna, experiments in stellar 
parallax, 282 

Gornn, hydrogen speotrom, 88 ; spectrum 
of Nova Cygni, 88 

Corona, T, 86. Su Nova Onons 

Crommelin, immobility of a star, 880 

Gnicis, a, magnitade, 22 ; daplidty, 150; 
fixity of components, 158, 171 ; dis- 
tant attendant, 159 ; corona of fiaint 
sUrs,847 

Gmcis, /3, an oxygen-star, 87 ; insensible 
panOiax, 297 

Gmcis, Ky central in jewelled dnster, 282 

Cutis, spectroscopic detection of an 
attendant on Castor, 190 

Cygni, P, bright line spectnim, 62, 96, 
109 ; triple increase of light, 85, 218 

Cygni, UZ, an Algol-variable, 182-188 

Cygni, Y, duplicate eclipses, 182, 191 

Cygni, a, character of spectnim, 48, 46 ; 
insensible parallax, 297 

Cygni, /3, contrasted tints, 145 ; spectra 
of components, 148-149 ; discovery as 
a pair, 150 ; physical connection, 159 ; 
variabiUty in light, 182 

Cygni, Xt apectrum, 58, 104; light- 
changes, 102-108, 112 

Cygni, 61, detection as a pair, 150 ; 
proper motion, 154, 158, 822 ; orbital 
relations, 155 ; panJlax, 287-288, 298 ; 
Inminoaity, 289 

Darqnier, discovery of Iting nebula, 250 
D' Arrest, observation of a red star, 141 ; 

conformation of ** gold dust " cluster, 

228 ; spectnim of a nebula, 245 ; 

proper motion of Draco planetary, 

247 ; variable nebuls, 277, 278, 279 
Darwin, figures of equilibrium, 125, 209 ; 

earth-moon system, 208, 212 
Davis, photographic parallax of 61 

Cygni, 288 
Dawes, double occultation of Antares, 

144 ; colours of double stars, 147, 

148 ; observation of 44 Bootis, 179 
Dembowski, colours of double stars, 147, 

148 ; observations of pairs variable in 

light, 180, 181 
Democritus, stellar constitution of the 

Milky Way, 888 



Denning, number of Pleiades seen by, 
218 

Deelandrss, double-slit photography, 42; 
structure of fluted spectra, 60 ; 8 
Orionis a spectroscopic binaiy, 181 ; 
photograph of bi-annular planetary, 
249 ; theory of spiral nebuls, 278 ; 
luminosity of nebula, 280 

De Thou, star-map showing Andromeda 
nebula, 257 

Dewar, Sir James, luminosity at low 
temperatures, 281 

Distance-ratio, of the stars, 295-296 

Distances, of variable stars, 188-134 ; of 
the Pleiades, 221 ; of clusters, 288- 
289 ; of nebuls, 247, 260, 856 ; of 
stars, 282-801 ; of the Milky Way, 846 

Distribution, of stars in general, 19, 25, 
868-865, 867, 869-871 ; of helinm 
and Sirian stars, 87, 847, 870 ; of 
red stars, 56, 142 ; of gaseous stars, 
64 ; of nebuln and dusters, 65, 852- 
857, 858-859; of temporary and 
variable stars, 88, 90, 184 

Doberck, computation of stellar orbits, 
167, 168, 169, 179, 190 

Ddllen, prindples of parallax detennina- 
tion, 292 

Donner, photographic parallax survey, 
800 

Doppler, refhmgibility of light altered by 
motion, 185 

Double stars, colours, 148-146, 159-160 ; 
chromatic variability, 146-148 ; eariy 
recognitions, 150 ; definition, 151 ; 
dual systems, 152, 158-160 ; invisible 
attendants, 156 ; prospective research, 
161 ; measurements, 162 ; computa- 
tions, 168-165 ; photographic records, 
165-167 ; orbital rdations, 167-171, 
178-174 ; masses, 170-175 ; lumin- 
osity, 176 ; eccentridty of paths, 177, 
209 ; variabiUty in light, 178-184 ; 
evolution, 209-211 ; proper motions, 
822 

Double nebulas, numerous occurrence, 
254 ; varieties, 255 ; relative fixity, 
276 

Downing, movements of the Hyades, 827 

Draco planetary nebula, insensible paral- 
lax, 247 ; hdical conformation, 248, 
250; radial velocity, 275 

Draper catalogue of stellar spectra, 24 

Dreyer, observation of V Hydrse, 140 ; 
alleged changes in nebuln, 276, 278 

Dumb-bell nebula, indeterminate charac- 
ter, 255 ; analogous objects, 256, 851 

Dun^, drawings of fourtii-type spectra, 
54 ; inequalities of Y Cygni, 132 ; 
observations of red stars, 140, 141 ; 
of double stars, 179, 182 
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Donlopt obfonrfttioBS of doable stan, 

158»158 
DarchmuBteruDg, Bonn, 6, 7, 11, 86; 

pbotometrio, 21 ; Cape Photographic, 

26, 126, 822, 862, 865 
DyBon and Thackeray, detennination of 

the sun's apez from Sirian and solar 

stars, 808 

Easton, isophotal curves in Milky Way, 
887 ; spiral galaxy, 844, 845 ; relation 
of bright stars to galactic stractnres, 
846 ; nebular distribution, 854 

Eberhard, spectrographic study of x 
Cygni, 54 ; movements within Orion 
nebula, 69 ; binary nature of e Ann- 
gB,105 

Eberhard and Hartmann, origin of spark 
spectrum, 76 

Ebert, anomalous dispersion in stellar 
atmospheres, 62 

Eccentricity of stellar orbits, 170, 178, 
177, 178, 195; evolutionary ^ifl- 



Edipses, of variable stars, 118, 128, 125- 
188 ; dupUcate, 125, 132 

Edison, experiments on stellar heat, 78 

Electra, fluctuating brightness, 21 8 ; real 
splendour, 221 ; nebulous connections, 
224 

Electrical conditions in stellar atmo- 
spheres, 41, 47-48, 75-76, 78 ; indi- 
cated by banded spectra, 49 ; in 
nebula, 79, 280 

Elements of stellar orbits, 170, note 

Elkin, heliometer employed by, 16, 294 ; 
measurements of the Pleiades, 220, 
221 ; parallaxes of southern stars, 292- 
298, 297 ; of northern stars, 294, 297- 
298 ; mean parallax, 296, 807 

Ellermann, cyanogen flutings in Antarian 
stars, 51 ; spectrographic investigation 
of carbon stars, 55 

Elliptical nebulse, 248, 257 ; foreshorten- 
ing, 254, 260 ; examples, 257-261 ; 
rifted, 261-262 

Engelmann, Nova Andromeda, 89 ; 
colour of d Cygni, 148 

Enhanced lines, 41, 47, 76 

Equatoreal telescope, described, 15 

Equulei, d, period of revolution, 168; 
spectroscopic parallax, 169, 187, 286 ; 
eccentricity of orbit, 177 ; optical 
companion, 201 

Equulei, e, triple system, 197 

Eridani, o^ mass and luminosity, 175, 
176 ; triple system, 196 ; rapid motion, 
298 

Espin, detection of carbon stars, 57 ; 
spectrum of x Q^gi^i 104; light- 
period of 68 Cygni, 108 ; variability 



of aredstar, 110; of UPuppis, 181; 

Birmingham's Bed Stars, 189; red 

stars in Perseus cluster, 282 
Evershed, titanium in solar prominenoes, 

45 
Evolution, of stars, 86-87, 40-41, 46-47, 

51, 56 ; conditioned by temperature, 

77-78 ; of stellar systems, 208-214 ; 

of star dusters, 226, 240, 267 
Extinctions, method o^ 20 

Fabricius, discoyery of Iftira Ceti, 99 
Falb, shape of the visible universe, 874 
Fallows, magnitude of if Carina, 106 
Farley, colour of R Cephd, 110 
Fenet, map of stars in Messier 11, 280 
Feuillde, observation of a Centauri, 158 
Finlay, magnitude of if Carina, 107 
Fizeau, motion-shifts of spectral lines, 

185 
Flamnuurion, colours of 70 Ophiuchi, 
147 ; variability of y Arietis, 180 ; 
anomalous movement of ^ Cancri, 
199 ; star system in Cygnus, 829 
Flamsteed, star designations, 196, 201 ; 
aberrational shifting of the pole star, 
288, 284 
Fleming, Mrs^ spectrographic discoveries, 
29, 52, 57, 62, 64 ; of Nova, 90, 92 ; 
of an eclipsing star, 182 
Flint, researches in stellar parallax, 800 
Fomalhaut, spectrum, 41 ; perspective 

moYement, 804 
Fowler, titanium-flutings in Antarian 

stars, 51 
Franks, colours of 70 Ophiuchi, 147 
Franz, parallax of Nova Andromeda, 

89 
Fteunhofer, objective prism, 28 ; in- 
strumental refinements, 286 ; Konigs- 
berg heliometer, 289 
Frost, spectrogram of Nova Geminomm, 
95 ; helium stars as close binaries, 
189 ; radial motion of ^ Cancri, 200 
Frost and Adams, spectrogram of 
Arcturus, 45 ; spectroscopic com- 
ponent of $ Orionis, 264 ; low 
vdodties of hdinm stars, 821 

Galileo, observation of Nova Serpentarii, 
84 ; stellar parallax, 282 ; composition 
of the Milky Way, 888, 841 

Gaseous stars, triple spectra, 58 ; first 
recognitions, 59 ; spectral variability, 
60 ; nature of atmospheres, 61 ; 
effects in, of dispersion and anomalous 
refraction, 61-62 ; prismatic sweeps 
for, 64 

Geminid variables, 117, 121, 125, 126 

Geminorum, f, a spectroscopic binary, 
121 ; disturbance of motion-curve, 192 
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Geminomm, i^, long-period vamble and 
speotroacopic binary, 181-182, 192, 
197 

QiU, Sir DaTid, photographic regiatra- 
Uon of atars, 6 ; the mu's stellar 
magnitude, 22 ; a model solar star, 
45 ; spectmm of 17 Carinae, 62, 109 
spectrogram of a Phoenicia, 186 
I^otograph of 47 Toacani, 237 ; em 
ploymant of the heliometer, 289 
paiaUazes of southern stars, 292-294, 
297 ; average parallax, 294 ; rotation 
of bright stars, 881 

Oilliss, colour of 17 Carina, 107 

Qlasenapp, computation of stellar orbits, 
167 

Qoldschmidt, nebulous oonditioin of 
Pleiades, 224 

Goodricke, variability of fi Lyrn, 122 ; 
eclipse theory of iJgol, 127 

Gore, the sun's stellar magnitude, 22 ; 
stellar orbits, 167, 182; aspect of 
86 Pegasi, 171 ; mass-brightness of 
binaries, 176 ; estimated number of 
the stars, 868, 866 

Gothard, spectmm of 7 Cassiopeie, 60 ; 
photographs of nebulse, 260, 268 

Gould, Uranometry, 1 ; variability of 
R NomuD, 104 ; observations of red 
stars, 140, 141 ; photographic measure- 
ment of the Pleiades, 219; swift 
southern stars, 822 ; superposed 
galaxies, 847 ; belt of bright stars, 
866 

Groombridge, circumpolar catalogue^ 
808, 817 

Groombridge, 1880, proper motion, 822; 
a runaway star, 326 ; spectral type, 
827 

Gully, record of Nova Andromedn, 89 

Guthnick, periodicity of Mira, 100, 101 

Hahn, central star in ring nebula, 261 

Hale, double-slit method in solar photo- 
graphy, 42 ; solar flocculi, 48 ; cyano- 
gen in Antarian stars, 61 ; spectro- 
graphic investigation of carbon stars, 
66 ; their affinities, 66 ; rsveraala in 
metallic spectra, 69 

Hall, A., psrallax of Nova Andromedft, 
89 ; catalogue of stars in Praesepe, 288 

Hall, Maxwell, spread of Merope nebula* 
224 ; elements of sidereal system, 868- 
869 

Halley, observations of nebulsB, 10 ; of 
clusters, 280, 289 ; magnitude of 9 
CarincB, 106 

Harding, bright and faint sections of 
ring nebula, 260 

Hartwig, outburst of Nova Andromedn, 
89 ; eclipses of VZ Cygni, 182 



Harvard Ffaotomefcriee, 21 ; spectro- 
graphic surveys, 28-29 

Heis, star-ennmeratiaii, 1 ; bi^ mad low 
maxima of Mira, 100 

Helical nebula, 248 

Heliometer, Yale CoUege, 220, 294, 300; 
adaptation to paraUactie measnres, 
289, 298 ; KonigsbexK, 289, 291 ; 
Gape, 298 

Helium, a terrestrial element, S6 ; ab- 
sorption in stars, 37, 47 ; emjasicm, 
68 ; variable bright line, 60 ; low 
refraetive power, 62 ; pres m t ia 
nebnln, 67 

Helium-stars, recent discrimination, 36 ; 
nebular affinities, 86, 46, 68, 270; 
absorptive featnrea, 37 ; galactic coo- 
densation, 37, 347 ; enhanced spedzal 
lines, 47 ; enuasiTe spectra, 58, 60 ; aa 
temporary apparitions, 96 ; aa edipee- 
variablee, 1 83 ; as apectroecopic binaziea, 
189 ; remoteness, 299, 820 ; small 
linear velocities, 821 ; galactic con- 
densation, 847 

Hehnert, catalogue of stars in M 11, 230 

Henderson, parallax of a Centanri, 287 

Henry, Paul and Prosper, photograpbie 
telescope, 26 ; pbot^rapby of donUe 
stars, 166; of tbe Pleiades, 219; 
dinovery of Pleiades nebolse, 224 

Hercules, cluster in, central condensa- 
tion, 284 ; distribution and number of 
components, 288, 239 ; sormiaed dis- 
tance, 240 ; spectrum, 241 

HerouliB, a, fluted spectmm, 62; 
variabiUty in Ugbt, 109 ; green oom- 
paaion, 146, 176; tbeir ft««*ini« 
proper motion, 159 ; spurious pM-^iiftT, 
292 

Haicnlis, 96 ; colour chBDgB, 147 ; a 
physic*! piur, 169; reUtiTe tAty. 

Honchal, CaioUne, attendant to Andn>- 
meds nebula, 268, 269 

Hanchel, Sir John, stellar iMMnendatme, 
1 ; ontlnust of if Caxinn, 107 ; rednea 
of stars, 187, 148 ; colonisof -y Ijeoois. 
146; of 96 Herculia. 147 ; distuiM 
motion of 70 Ophindu, 166; »- 
ToJnbons of f Caacri, 1»» ; nebrfoos 
donbla star^ 204 ; detection of sixth 
tepMHun-star. 205 ; confomnation of 
^»t«j 229, 281, 2S5.^Fra^ 
senphons of clnstars, 280 286 • 
measorement of jeweUed dnati. 232 
»«?'?' "I** dynamical oonditioo of 
globuW cl^Mter., 288-286 ; *^t>«i 

264; dnmb-bell. 266; aapect rf 
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Orion nebula, 294; nebnla in Argo, 
268, 279 ; Omega nebula, 269 ; ligbt- 
change in nebula, 278, 280; stellar 
parailaT, 288 ; aystematic movementa 
of atara, 881 ; the Milky Way in 
Aigo, 885 ; galactic atractnre, 886, 
838, 889, 842; nebular distribution, 
858 ; galactic relations of a duster, 
859 ; number of the stars, 862 ; belt 
of bright stars, 866 

Herschd^ Sir WUliam, observations of 
nebule, 11 ; planetary nebula, 65, 
245, 249; maximum of Mira, 99; 
variability of a Herculis, 109 ; colours 
of stars, 187, 148, 145, 146, 147 ; 
discoveries of double stars, 151, 169, 
196, 197, 198 ; period of Castor, 167 ; 
magnitudes of 44 Bodtis, 179 ; double- 
treble star, 208 ; arrangement of stars 
in dusters, 229, 280, 2S6 ; duster in 
Perseus, 281 ; components of Her- 
cules cluster, 289 ; nebulous stars, 
248, 244, 245; ring-nebulie, 252; 
diffused nebulosities, 267, 270 ; Omega 
nebula, 269 ; comets and nebula, 272; 
variable nebula, 278, 279; investi- 
gation of the sun's movement, 804, 
805, 806 ; systematic parallax, 818 ; 
structure of the Milky Way, 886, S88, 
840; disc-theory, 840-841; "hole" 
in Scorpio, 842 ; replacement of stars 
by nebula, 852 ; construction of the 
heavens, 860 ; star-gauges, 864 ; inter- 
systematical stars, 870 

Hevelius, designation of Mira Geti, 99 ; 
record of R Cephei, 110 ; observation 
of $ Orionis, 205 

Higgens, colour-change of 95 Hercnlis, 
147 

Hind, crimson tint of B Leporis, 57, 
140 ; observations of effete Nova, 84, 
85 ; discovery of Nova Ophiuchi, 85 ; 
variations of S Cancri, 180 ; observa- 
tion of a colour -variable, 141 ; de- 
tection of a variable nebula, 277 

Hipparchus, star determinations, 12; 
new star, 82 ; cluster in Perseus, 281 ; 
no notice of Andromeda nebula, 257 

Hdlfler, distance of star-system in Ursa 
Mi^or, 828 

Holden, study of Orion nebula, 28; 
colours of double stars, 144 ; stellar 
group in trifld nebula, 207 ; helical 
nebula, 248 ; structure of Saturn 
nebula, 250 ; stars in Orion nebula, 
268 ; type -curve of nebula, 274 ; 
nebulous effects in Milky Way, 889 ; 
star patterns, 872 

Holwarda, light-change of Mira, 99 

Hooke, twinkling of stars, 4 ; dnplidty 
of y Arietis, 150 ; observation of fifth 



trapezium - star, 205; count of the 
Pleiades, 218 

Hough, quaternary stellar systems, 208 

Houzeau, visual enumeration of stars, 1 ; 
study of galaotio luminosity, 887 

Huggins, Lady, artificial star-patterns, 
872 

Huggins, Sir William, measurement of 
radial motion, 18, 29, 186; use of 
dry plates, 28 ; faintness of nebula, 
27 ; spectrographic methods, 29 ; dis- 
covery of hydrogen - series in white 
stars, 88, 89, 40; spectrogram of 
Aldebaran, 45 ; spectra of Andromeda 
nebula, 70 ; of Nova Corona, 85 ; of 
Nova Andromeda, 90; of Hercules 
duster, 241 ; of Draico planetary, 
247 ; exx>eriments on stellar heat, 72 ; 
invention of refiecting slit, 148 

Huggins, Sir William and Lady, Atlas of 
Stellar Spectra, 29 ; calcium in the 
sun, 44, 76 ; determination of chief 
nebular line, 65 ; spectra of Orion 
and Andromeda nebula, 67, 260, 264 ; 
ultra-violet stellar spectra, 77 ; spectro- 
grams of fi Cygni, 149 ; spectroecopio 
component of $ Orionis, 206 ; evolu- 
tionary effects of gravity, 211 

Humboldt, first view of 47 Toncani, 287 

Hussey, period and mass of 8 Equulei, 
168, 169; elements of the system, 
177 ; spectroscopic parallax, 187, 286 

Hnygens, observation of $ Orionis, 150 ; 
delineation of Orion nebula, 264 

Hyades, dissection into drifting groups, 
827 ; reached by a galactic side-stream 
887 

Hydrogen, absorptive action in stars, 
86, 87, 88,:40, 41, 42, 48, 44, 47, 66 ; 
in the sun, 44 ; cosmic, 87, 89, 47, 
63 ; rhythmical spectral series, 88-89 ; 
emission in variables, 52-58, 79, 102, 
104 ; in helium stars, 59, 60-61 ; in 
Wolf-Bayet stars, 68 ; in nebula, 66, 
67, 79 ; in Nova, 85, 87, 91, 95, 109 ; 
low refiractivity, 62 

Innes, investigation of variable stars, 

104, 105, 120, 126; detection of 

quaternary systems, 202, 208, 330; 

variability of a nebula, 279 ; a swiftly 

moving star, 822 
Iron, absorption in sun, 47 ; in Antarian 

and carbon stars, 52, 55 ; emission in 

MiraCeti,53 
Irregular nebula, 248, 257, 270; 

capricious forms, 262-264, 269 

Jacob, movements of 61 Cygni, 155 ; 
spurious parallax of a Herctdis, 292 
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Jacoby, photogniphic compariacmfl of the 
Pleiades, 219 

JanBsen, double-alit method in photo- 
graphy, 42 

Johnson, magnitude of i^ Carinc, 106 

Kaiser, colonr-change of Arctorua^ 186 

Kapteyn, quality of galactic stars, 26 ; 
nehnlosi^ round Nora Persei, 94 ; 
detection of Tsriable stars, 126 ; 
meridian obserrations for stellar 
parallax, 298 ; parallax and magni- 
tude, 299 ; treatment of proper 
motions, 808, 828 ; solar velocity, 
309 ; distances and proper motions, 
820, 821 ; a swift star, 822 ; mean 
stellar velocity, 824 ; solar cluster, 
867 

Kayser, wave-lengths of hydrogen-linea, 
89 

Eazwini, description of the Pleiades, 218 

Keeler, photographic nebular survey, 11 ; 
photographs of nebulae, 81 ; their 
chief spectral line, 65 ; their electrical 
glow, 79 ; prevalent spirality, 254, 
844 ; their radial movements, 275 ; 
photograph of Hind's nebula, 277 

Kelvin, Lord, gravitative power of the 
sidereal world, 825 

Kepler, star of 1604, 88, 84 ; distance 
of the stars, 282, 285 

Key-hole Nebula, the matrix of if Caxinse, 
106, 209 ; conformation, 268-269 ; 
seeming change, 279 

Kirch, variability of % Oygni, 102; 
observation of M 11, 229 

KirchhofTs Law, 61 

Klein, chromatic period of a Ursn 
Midoris, 186 ; shape of sidereal world, 
874 

Klinkerf^es, stellar variability. 111 

Knorre, colour-percepUon, 187 

Knott, variability of U Cygni, 188 

Konkoly, spectral fluctuations of 7 
CassiopelBe, 60 

Kovesligethy, colour-change of a UrssB 
Majoris, 186 

Kriiger, catalogue of red stars, 189 ; 
parallaxes of rapidly - moving stars, 
291 

LacaiUe, southern nebule, 10; magni- 
tude of 17 CarinsB, 106 ; of a Oentauri, 
158 ; star catalogue, 817 

Lalande, list of red stars, 188 ; notice 
of the Draco planetary, 247 ; stars 
observed by, 817 

Lambert, MUky Way, 881 

Lane, law of cooling for gaseous bodies, 77 

Langenbach, temperature - relations of 
line-spectra, 79 



LangLey, multiple star in trifid nehwla, 
207 

Laplace, dark stars, 156 

Lassell, cluster in Gemini, 228 ; obMrrm- 
tions of nebube, 246, 249, 268 

Lan and Wirtz, oolour-change of a Urase 
Mitforis, 136 

Least squares, principle of; 805-806 

Leavitt, Miss, detection of variable starsy 
97, 268, 856 

Le Oentil, attendant to Andromeda 
nebula, 258 

Leowits, apocryphal apparitioBS of Novm 
Gasdopeis, 84 

Lewis, relative masses of binary stars, 
175 

Light-equAtion in stellar orbits, 129» 285 

Light-pressure, effect on Nova Peirsei, 95 

light-ratio defined, 19 

Lindaner, observation of Nova Cassiopeis, 
84 

liveing andDewar, temperature of electric 
spark, 76 

Loekyer, Sir Norman, helium in staxsy 
86 ; enhanced lines, 41, 76 ; Antarian 
stars, 50 ; nebular spectrum, €5 
ultra-violet stellar spectra, 75 
temperatures of the staro, 78 ; vari- 
ables regarded as binaries, 111, 184 
constitution of Andromeda nebula, 
260 ; cometary affinities of nebnls, 
272 

Loewy, estimated number of charted 
stars, 863 

Lohse, J. O., map of stars near Nova 
Cygni, 88 

Lohse, 0., elements of Sirian system, 156 ; 
investigation of duster in Perseus, 282 

Loomis, period attributed to ly Garins, 
107 

Looped nebula, spectrum, 69, 263 ; 
aspect, 262-263 

Ludendorff, periodicity of c Aurigse, 105, 
198 

Lunt, spectrogram of a FhoBniois, 186 

Lyne, /3, variable bright lines in spectrum, 
69, 60, 87; light-change, 82, 116, 
122-128, 125 ; analogous objects, 128 

Lyne, e, quadruple star, 201-202 ; origin, 
214 

McClean, distribution of helium stars, 
86 ; oxygen in stars, 87, 64 ; spectro- 
graphic apparatus, 109 

M&dler, disturbed circulation of 70 
Ophiuchi, 155 ; hypothetical parallax, 
172 

Maestlin, observation of Nova Serpen- 
tarii, 84 ; discernment of Pleiades, 218 

Magellanic clouds, Wolf-Rayet stars col- 
lected in, 64 ; variable stars, 119, 134, 
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866 ; systemic unity, 851-352, 857 ; 
nebular connections, 358; conditions 
of aggregation, 856 ; origin, 858 
Magnesium, a constituent of stars, 88, 40, 

52, 60 ; green fluting of; 65 
Magnitude, of stars, 2-8, 19, 22 
M^ magnitude, 218 ; real brilliancy, 
221 ; spectroscopic satellite, 222 ; 
attached nebulie, 224, 225, 252 
Main, parallax of 61 Cygni, 288 ; solar 

apex, 807 
Mariotte, blue stars, 148 
Marius, first telescopic observation of 

Andromeda nebula, 257 
Markwick, maxima of Mira Ceti, 100 
Mason and Smith, observations of the 

trifid nebula, 280 
Mass-brightness, of binaries, 176 
Masses, of binary stars, how determined, 
170 ; rosults obtained, 171-172 ; rela- 
tive, 172-175 ; conditions of ascertain- 
ment for spectixwcopic pairs, 190-191 
Maunder, galactic clustering, 886 
Maurolycus, observations of Nova Cassio- 
peia, 84 
Maury, Miss, discussion of stellar spec- 
trograms, 29 ; evolutionary series, 87 ; 
composite spectra, 148 ; spectroscopic 
duplicity of fi Aurigs, 189 
Mayer, C, colours of double stars, 148 ; 
detection of steUar couples, 150, 168, 
195, 202 
Mayer^ Tobias, division of ^ Oancri, 198 
Meadows, parallax of a Centauri, 287 
Meridian photometer, principle of, 20 
Merope, magnitude, 218 ; ac^acent 

nebula, 228, 224, 225, 226, 255 
Messier, observations of nebula, 10, 261, 

269 
Meteoritic hypothesis, 65, 111, 184 
Ifichell, red stars, 188 ; number of the 

Pleiades, 218 
Blicrometer, described, 15 
MUky Way, a collection of star-groups, 
9, 840-841, 851 ; quality of light, 26, 
847 ; concentration in, of helium stars, 
87, 847 ; of carbon stars, 56 ; of 
Wolf-Rayet stars, 64; of gaseous 
nebula, 65, 856, 858, 859 ; of tem- 
porary stars, 88, 90 ; of short-period 
variables, 188-184 ; of clusters, 228, 
281, 855, 858-859 ; unrelated todouble- 
star orbits, 177 ; prolonged towards 
great nebula, 259, 859 ; structure, 
268, 885-888, 878 ; influence upon sun's 
course, 812, 818 ; upon stellar proper 
motions, 831-882 ; aspect, 888 ; folk- 
lore, 884 ; track across the sky, 884- 
885 ; delineations, 887 ; irresolvabHity, 
888-889; stratum-theory, 889-841 ; flat 
ifaig theory, 842 ; spiral theories, 



848-844, 848 ; compound formation, 
845, 847 ; distance, 846 ; relation to 
nebular distribution, 858-857; star- 
density in, 864, 865, 869-370 
Minchin, measurement of stellar heat, 73 
Mira Ceti, hydrogen-lines bright in, 52, 
102 ; spectrographic investigations, 
58-54, 102 ; a typical variable, 82, 
99 ; periodicity, 99-102, 112 ; proper 
motion, 188, 183 
Mitchel, division of v Scorpu, 202 
Mitchell, spectrum of Sirius, 88 
Mizar {t Ursa Migoris), the leader of 

Alcor, 201, 218, 828 
Monck, mass-brightness of binaries, 175 ; 

remoteness of white stars, 299 
Montigny, scintillation of the stars, 4, 6 
Miiller and Eempf, photometric observa- 

tioufs 21 
Multiple stars, varieties of combination, 
194-195, 197, 218 ; invisible compon- 
ents, 197-200 ; penpective attendants, 
201 ; quaternary groups, 201-208; 
214 ; nebulous relationships, 204-207 ; 
evolution, 208-214 

Nebula, early observations, 10, 257 ; 
number, 11, 254 ; association with 
helium-stars, 86, 46; gaseous spec- 
trum, 65-67, 245, 247, 256, 272; 
continuous, 67, 7D, 258, 281 ; strati- 
fication, 68 ; species, 69, 248 ; tem- 
perature, 79, 280-281 ; structure, 242, 
246, 254, 281, 844; colour, 249, 
264 ; cometary affinities, 272-274,276 ; 
seeming immobility, 275-276 ; radial 
velocities, 275, 858; variability in 
light, 277-280 ; tenuity, 280 ; intra- 
galactio status, 849, 852-858, 855; 
stellar relations, 850, 852-858, 359 ; 
distribution, 858-857, 859 ; variety in 
constitution, 857 

Nebula in the Pleiades, 228-226 ; forms, 
274 ; drift through space, 275 

Nebulium, a gaseous constituent of 
nebula, 65, 68, 245 ; spectrum, 66, 
67 ; emission by temporary stars, 87, 
92 

Nebulosity, round Nova Persei, 93-95, 
241 ; about the Pleiades, 226 ; diihised, 
270-271 

Nebulous stars, first notice of, 248 ; 
affinities, 244 

Newall, spectrum of Nova Geminomm, 
95 

Newcomb, total light of the stars, 7 ; 
nature of the nebulosity round Nova 
Persei, 95; complexity of stellar 
systems, 199 ; proper motion of 
Alcyone, 219 ; investigation of solar 
motion, 809; average stellar velocitiss, 
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S21 , 824 ; runaway itellar ipeed, 835 ; 
itar-drift in Uxm Migor, 828 ; medial 
line of the Milky Way, 884 ; panllaz 
of galactie atan, 846 ; range of galactic 
magnitudei, 847 ; distribution of stars, 
865, 869 
Newton's law, universal validity, 170 
Nichols, beat of the stars, 78-74 
Nod, observation of i} Csiine, 106 ; red- 
ness of 7 Cnicis, 140 
Nova Andromeda, outburst, 88, 261 ; 
spectrum, 89, 90 ; colour, 142 ; intra- 
galactio situation, 850*851 
Nova AurigB, spectral relationships, 62, 
91, 109; discovery, 90; nebular 
transformation, 91-92 
Nova Cassiopeia, 88-84 ; colour-change, 

141 
Nova Oentauri, 90 

Nova Corona, 85-86 ; colour-change, 141 
Nova Cygni, 86-88 ; colour-change, 142 
Nova Geminorum, 95 ; colour, 142 
Nova Persei, luminous fluctuations, 92- 
93 ; connected nebulosity, 93-95 ; 
colour-changes, 142 

Gibers, period of x Cygni, 108 
Omega nebula, piecemeal discernment, 
269 ; photograph, 270 ; suspected 
luminous changes, 279 
Ophiuchi, 70, colour-change, 147; per- 
turbed revolution, 155 ; masses and 
light-power of components, 175, 176, 
210 
Orbits of binary stars, apparent, 168-165, 
167 ; actual, 163 ; number computed, 
167, 169 ; methods of determining 
dimensions, 168 ; elements, 170, noU ; 
relative and separate of components, 
178-174 ; eccentricity, 177 
Orion nebula, isophotal contours, 27 ; 
photographs, 28, 265, 267 ; spectrum, 
65, 67, 68 ; internal movements, 69, 
276; variable stars in, 184, 268; 
*' Fish-mouth" aspect, 242; floccu- 
lent texture, 264 ; plan of structure, 
265-266 ; a developing cluster, 267, 
850 ; recession from the sun, 275 ; 
steadfast light, 279; galactic con- 
nections, 387, 859 ; paucity of sur- 
rounding stars, 352 
Orion stars, 86. See HeUnm-stars 
Orionis, e, spectrum, 86, 37, 40 
Orionis, 6, early spectral type, 37, 68 ; 
shifting bright lines, 67-68 ; multiple 
character, 150 ; relation to surround- 
ing nebula, 205, 264 ; successive 
detection of components, 205-206 ; 
genetic affinities, 213 
Orionis, 0-, multiple star, 148, 208 
Orthochromatic plates, 28, 30, 60 



OstholZ; redness of stars, 100 
Oxford Uranometry, 20 
Oxygen in stars, 87, 47, 64, 68 ; in the 
sun, 42, 49 

Fslmer, spectrogram of Nova Cygni, 87 ; 
spectroscopic parallax of a Centmnri, 
187 ; binary character of k PftYonia, 
192 ; components of Hercules cluster, 
288, 289 ; nebulsr spectrum, 281 

Parallax, annual, mode of detcrmiTMition, 
14, 15, 286-287; photographic, SO, 
298-800 - of Nova, 89, 94 ; of ▼arimhle 
Stan, 188; spectroecopic, 169, 187, 
190, 285-286 ; hypothetical of biiuuies, 
172 ; of the Pleiades, 221 ; of a nebula, 
247 ; smallness, 282 ; associated cfTact^ 
283-284 ; by li«^t-equation in steUu- 
orbits, 285 ; results of measurememts^ 
287-800 ; of galactic stars, 846 

Parallax, secular, SOS 

Pegaai, 85, relative masses of com- 
ponents, 175 ; optical attendant, 201 

Pegasi, jc, period, 169 ; spectroeeopic 
and visual system, 201 

Pegasi, U, analogy with /3 Lyra, 123 

Pemter, scintillation of Sirius, 6 

Perrine, spectrogram of Nova Auriga, 
92 ; spectrum and nebula of Novm 
Persei, 98 

Perseus, double cluster in, 231-232 ; 
assumed centre of sun's orbit, 818; 
galactie relationship, 858 

Personal equation, defined, 14 ; in double- 
star measurement, 165 

Peters, C. A. F., stellar paraUax. 290, 294 

PhoBnicis, a, radial velocity, 186 

Photographic plates, 28, 28, 80, 60, 55 ; 
telescopes, 24-25, 80-31 ; International 
chart, 25, 363 ; irradiation, 25 ; stellar 
magnitudes, 26 ; catalogues, 362, 364^ 
365 ; star-gauging, 863 

Photographs, of nebula, 28, 81, 93-94, 
224-226, 251, 253, 256, 259-260, 263, 
265, 267. 269, 270-271. 277; of 
stellar spectra, 29, 40, 41, 42, 43, 44, 
45, 52, 58, 54, 60, 63, 186 ; of nebular 
spectra, 67, 70, 260 ; of double stars, 
165167 ; of the Pleiades, 219, 224- 
226 ; of various dusters, 228, 280, 
232, 236, 241 ; of nebulous stars, 
241, 244 ; in the Milky Way, 837, 
847 

Photography, employment in sidereal re- 
search, 22-26, 81-83; photometric, 
25-27 ; spectroscopic, 28-29 ; radial 
motion determined by, 29, 186, 323 ; 
discoveries by, 29, 88, 52, 90, 92, 98-94, 
97, 236, 268 ; stellar parallax by, 30, 
298-299; rapidity and versatility, 
82 ; investigation by, of nebulous 
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nlationshipB, 207, 224, 242, 250-261, 
254, 266-267 
Photometer, polarisiiig, 20 ; wedge, 20 
Photometry, stellAT, aim and fcope, 19 ; 
method!, 20 ; resulta, 21-22 ; photo- 
graphic, 25-27 ; nebular, 27 
Photosphere, an essential feature of snn- 

Uke bodies, 84 
Piazzi, staf-catalogae, 817 
Pickering, E. C, Hairard photometry, 
20 ; atmospheric absorption, 21 ; son's 
steUar magnitude, 22 ; sidereal photo- 
graphy, 24 ; distribution of the stars, 
25 ; in the Milky Way, 869-870 ; stolUr 
^ipectrograms, 86, 68 ; discovery of 
cosmic hydrogen, 87, 89, 66 ; sweeps 
for gaseous stars, 64, 66, 246 ; classifi- 
cation of variables, 82, 109, 116, 126 ; 
detection of spectroscopic binaries, 
128, 189; investigaUon of Algol's 
eclipses, 127, 128; colours of 95 
Herculis, 147; mass - brightness of 
binaries, 175, 201 ; the lost PleUd, 
218 ; paucity of true Pleiades, 220 ; 
thefar spectra, 228; counts of stars 
in globulsr clusters, 284 ; status of 
Looped nebula, 268 ; photographic 
catalogue, 864, 865 
Pickering, W. H., nebular photometry, 
27 ; photographic disclosure of great 
Snake nebula, 267 
Pictor, flying star in. 822 
Pigott, discovery of B Corona, 109 
Planck, Stefan's law of radiation, 72 
Planetary nebults, spectrum, 65, 66 ; 
structure, 66, 246, 256, 274; desig- 
nated by Hersch^ 245 ; specimens, 
247-250; insensible parallax, 247, 
800 ; radial velocities, 275 
Plassmann, tidal theory of stellar varia- 
bility, 111 ; secondary minimum of X 
Tauri, 181 ; irregularities of U Cephei, 
182 ; galacUo inquiries, 845 
Pleiades, mythological fiune, 215-217; 
number visible, 218 ; common move- 
ment, 219-220 ; scale of system, 221- 
222; nebulous condition, 228-226, 
850 ; a typical irregular cluster, 227, 
267 ; forms of included nebults, 274 ; 
connection with the Milky Way, 887 
Pleione, bright-line spectrun^ 59; the 

lost Pleiad, 218 
Plummer, estimates of star-light, 7; 

obeervationfl of Nova 0a8si(^)eiB, 84 
Pogson, observation of Nova Scorpii, 88 ; 

periodici^ of R Cephei, 108, 110 
Poincar^ figures of rotating masses, 209 
Pole-star, the ** cynosure," 2 ; magnitude, 
8, 22 ; standard brightness, 20 ; spec- 
trum, 41 ; aberrational displaconents, 
288,284 



Pond, steUar parallax, 288, 284 ; secular 

aberration, 811 
Position-angle of coupled stars, 168 
Ftnsepe, measures of component stars, 

288 
Prey, relative masses of binary stars, 175 
Pritchard, photometric investigations, 
20 ; stellar parallax by photography, 
80, 298 ; survey of the Pleiades, 220 
Proctor, star-drift, 827-828 ; theory of 
Milky Way, 848 ; stellar outbursts in 
nebula, 850; nebular distribution, 
858, 854 ; star-streams, 872 
Prooyon, magnitude, 22 ; spectral type, 
41, 298 ; sateUite, 157 ; luminosity, 
158, 175; parallax, 297; proper 
motion, 822 
Proper motions, defined, 14, 816 ; of vari- 
ables, 188 ; of double 9tars, 154, 158, 
160, 174, 822 ; disturbed, 156, 157, 
158 ; of the Pleiades, 219, 220 ; a 
criterion of vichiity, 290-291, 817-818; 
common perspective element, 804, 
808, 822-828; non-methodical char- 
acter, 805, 814-815; ascertainment, 
807, 808, 816-817 ; anomaUes, 818- 
820; variation with spectral type, 
321 ; swiftest known, 822 ; uncon- 
trollable rates, 824-827; concerted, 
827-380; surmised harmonies, 881- 
882 
Ptolemy, star-magnitudes, 2 ; nebnlosSy 
10 ; Ignored ^ Caiina, 106 ; magnitude 
of $ Eridani, 180 ; Pleiad-quartette, 
217 
Puppis, U, variable double star, 181 
Puppis, V, supposed eclipses, 128 
Pupp^ ^> cosmic hydix>gen - lines in 
spectrum, 89 

Badau, form of sidereal universe, 872 
Radial motion, of stars, spectroscoplcally 
determined, 18, 185-186; variable, 
66, 121, 128, 187, 192 ; of Novn, 91, 
98 ; in bmary orbits, 285 ; indicative 
of solar translation, 810 ; of nebulst, 
275, 858 
Radio-activity, cosmical effects, 80 
Rancken, galactic rotation of stars, 882 
Ranyard, structures in Orion nebula, 265, 
266; tenuity of nebule, 280; oom- 
position of galactic clusters, 847 
Red stars, spectral varieties, 49 ; strong 
self -absorption, 50, 52, 57, 140; 
catalogues, 55, 188, 139 ; variability 
in light, 110, 140 ; in colour, 141 ; 
examples, 140 ; distribution, 142 ; 
occurrence in pairs, 160 ; in Perseus 
cluster, 282; in galactic groupings, 
871 « 

Reflecting telescopes^ advantages and 
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drawbacks, 30-81 ; effecta on star- 
colours, 188 

Begnlus, magnitude, 8; satellite, 146, 
159 

Respighi, prismatic effects of scintilla- 
tion, 5 ; spectrum of 7 Velorum, 68 

Ricoioli, division of ^ Urs» Migoris, 160 

Richaud, first obsenration of a Centauri, 
150 

Bigel, designation, 2 ; typical helium 
star, 87 ; spectrum unaffected by iron- 
absorption, 47 ; extent of ultra-Tiolet 
radiations, 75 ; blue attendant, 145, 
195; parallax, 297 

Ring nebula, spectrum, 67 ; spiral con- 
formation, 250, 251, 256 ; analogous 
objects, 251-252, 256 ; suspected move- 
ment, 276 

Ritcbey, nebula photographs, 81, 260 ; 
expansion of Nova Persei nebula, 94 

Roberts, A. W., stellar eclipses, 128- 
126 ; mean density of Algol stars, 
188 ; centre of gravity of a Centauri, 
174 ; periodicity of k Pavonis, 192 

Roberts, Isaac, multiple exposures, 28 ; 
photographs of nebuhe, 81, 258, 256, 
259, 261, 262, 265, 266, 270 ; of the 
Pleiades, 224 ; of various clusters, 
280, 232, 288, 241; of a nebulous 
star, 244 ; of diffused nebulosities, 
271 ; arrangement of stars in clusters, 
229, 231 ; variable stars in Orion 
nebula, 268 

Rosse, third Earl, colour of a star, 141 ; 
structure of star -clusters, 228, 280, 
285, 288 ; ansa of Saturn nebula, 250 

Rosse, fourth Earl, double nebula, 254 

Russdll, H. C, measurement of cluster 
about K Gruels, 232 ; change in Key- 
hole nebula, 279 ; photograph of the 
Coal-sack, 887 ; of stars in Crux, 847 

Russell, H. N., tenuity of Algol variables, 
183 

Rutherf urd, photographs of the Pleiades, 
219 ; of PrsBsepe, 288 

Rydbeig, principal series of hydrogen in 
stellar spectra, 87, 68 

Sadler, double satellite of Rigel, 196 
Safarik, identity of Nova Cassiopein, 

84 ; fluctuations of red stars, 110 ; 

uncertainties in colour-perception, 187 
Safford, satellite of Sirius, 156 ; texture 

of Orion nebula, 265 
Saturn nebula, colour, 249 ; anssB, 250 ; 

radial velocity, 275 
Savary, first computation of a stellar 

orbit, 169 ; parallaxes of binary stars, 

285 
Sawyer, minimum of R Corona, 110 
Schaeberle, discovery of Procyon's com- 



panion, 167 ; helical nebula, 248 ; 
photographs of Ring and Dumb-bell 
nebulas, 251, 266 

Scheiner, spectrum of Capella, 44 ; 
rationale of bright-line stellar spectra, 
61 ; spectrogram of Andromeda nebula, 
70, 260 

Schiaparelli, duplicity of c Hydra, 197 ; 
Merope nebula, 224 

Schjellerup, catalogue of red stars, 65, 
189, 140 ; obs^vation of a colour- 
variable, 141 

Schlesinger, parallaxes of Mat stars, 
299 

Schmidt, discovery of Nova Cygni, 86 ; 
redness and periods of variable stars, 
114 ; minimum of S Cancri, 130 ; 
colour of Algol, 186 ; history of Y 
Viiginis, 181 ; nebular variability, 279 

Schonfeld, record of T Corona, 86; 
colour of R Cephei, 110 ; observations 
of S Cancri, 180; variable nebula, 
278; common drift of a star- pair, 
829 ; proper motions referred to the 
Milky Way, 880 

Schuler, notice of Tycho's star, 84 

Schur, fixity of stars in Prasepe, 238 ; 
parallax of a comparison -star, 830 

Schuster, dispersion-hypothesis of stellar 
bright lines, 61 

Schwab, periodicity of Mira, 101 

Scintillation, of white and red stars, 3-6 ; 
of Nova, 4, 84 

Scintillometer, 4 

Scorpii, p, a quaternary system, 202 

Scorpii, (, a triple system, 197 ; com- 
plex mechanism, 218 

Searle, nebulosity about Alcyone^ 224 

Seochi, objective prism, 28 ; stellar 
types, 85, 86, 49 ; carbon stars, 54, 
55, 57 ; gaseous stars, 59 ; star- 
colours, 141, 148, 147, 148 ; vacuity 
in a cluster, 229; resolvabOity of a 
nebula, 249 ; vastness of interstellar 
space, 801 ; galactic cloudlet, 855 ; 
star-patterns, 871 

See, ancient redness of Sirius, 136 ; dis- 
turbance of 70 Ophiuchi, 155 ; path 
of 11 Cassiopeia, 166 ; computation of 
stellar orbits, 168, 167, 197 ; eccen- 
tricities, 177 ; quintuple star, 196 ; 
tidal friction in stellar systeins, 208, 
209, 213 

Seeliger, nebula round Nova Persei, 94 ; 
system of ^ Cancri, 200; galactic 
researches, 845, 866 

Seneca, colour of Sirius, 136 

Sidereal astronomy, conditions for prose- 
cution, 12, 14, 31 ; methods, 18-14 ; 
availability of the camera, 22-23, 25» 
81-88 ; Insatiable of light, 88 
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Sidereal phydcs, origin, 14 ; fatnre pro- 

great, 16 
Sidereal syitem, gravitative power, 825, 
826 ; permanence, 880, 881 ; spectral 
relationahips, 882, 870 ; finite dimen- 
siona, 861-862; oiganisation, 868- 
869, 871 ; comprehenaive of stars and 
nebnln, 878 ; primiUve rotation, 874 
Sidgreaves, spectmm of Nora Anrign, 

91 ; of Nova Persei, 98 
Silicon, in stars, 87, 41, 64 ; in the snn, 
42 

Sirian stars, 85, 40 ; nature of speetra, 
87, 47t 48 ; photographic investiga- 
tion, 88 ; hydrogen-abeorption in, 88, 
41 ; affinities, 46 ; absence of emissiye 
aymptoms, 58 ; Ught-variations, 117, 
188 ; intense luminosity, 176 ; remote- 
ness, 299, 820 ; small proper motions, 
821 ; galactic condensation, 847, 870 

Sirins, brightness, 8, 22 ; twinklings 8, 
5 ; spectrograms, 88, 40 ; hydrogen 
abeorption, 41 ; nltra-violet spectmm, 
75 ; ancient redness, 185 ; binary 
system, 156-157, 165 ; mass relations, 
175 ; parallax. 298 ; proper motion, 
822 

Smyth, Admiral, discrimination of star 
colours, 187 ; tints of y Leoms and 
95 Herculia, 146, 147; dnster in 
Gemini, 228 

Smyth, Piazd, colonr- change of 95 
Hercnlis, 147 

Solar stars, 85 ; relative numbers, 41 ; 
spectra, 42-45, 48 ; relationships, 46, 
54, 56 ; bright lines absent firom, 
58 ; light-variations, 117 ; comparative 
vicinity, 299, 820; detached fh>m 
galactic formations, 882, 847, 870 

South, colours of double stars, 146, 147 ; 
observation of ^ Oancri, 198 

Spectra, nebular, 65-70, 79, 245, 247, 
258, 256, 260, 264, 281 

Bpectrti stellar, types, 85 ; of heliuM- 
stars, 36-87 ; of Sirian stars, 87-41 ; 
of solar stars, 41-45 ; fluted, 49-50 ; 
of Antarian stars, 50-54 ; of carbon- 
stars, 54-57 ; of gaseous stars, 58-61 ; 
of Wolf-Rayet stars, 62-68 ; of long- 
period variables, 52, 79, 102, 118 ; of 
short-period variables, 116 ; of tem- 
porary stars, 62 ; alterations in, 60 ; 
relations to temperature, 74-77, 78- 
79 ; of double stars, 148, 161, 179, 
180, 181, 188, 210, 211; of the 
Pleiades, 228 ; of dusters, 241 ; con- 
nection with proper motion, 808 

Spectrographic methods, 28-29, 8i ; 
application to stars, 88, 58-54, 55-56 ; 
to nebulA, 66-67, 70, 260 ; to Novb, 
91 



Spectroscopic binaries, discoveries, 66, 
105, 118, 121, 128, 181, 189-192, 
197, 208, 206-207, 222 ; reUtions to 
telescopic binaries, 168, 209 ; condi- 
tions of movement, 187-188 ; abundant 
occurrence, 188-189 ; mass determina- 
tions, 191 ; nebulous, 207, 270 

Spectrum analysis, principles, 16 ; 
methods, 17-18 ; applied to the stars, 
85 

Spencer, distribution of nebule, 854 

Spica, a spectroscopic binary, 190 ; mass 
of system, 191 ; parallax, 297 

Spiral nebuln, diKovered at Parsons- 
town, 252 ; two-branched, 258 ; fore- 
shortened into ** spindles," 254; 
copious occurrence, 844 

Star-drift, 827-828 ; characterises partial 
systems, 828-880 

Stars, number visible, 1 ; designations, 
1-2; magnitudes, 2-8; scintillation, 
8-6; telescopic multitude, 6, 862; 
total light, 7-8, 861 ; individual study, 
8, 16 ; combinations, 9 ; catalogues, 
12, 817, 864 ; determination of places, 
18; movements, 14, 808-804, 805, 
808, 814, 816-882; parallaxes, 14, 
15, 282-800 ; fidntness of light, 17, 
88; sun-like bodies, 84; spectral 
types, 85-57; gaseous, 58-65; 
chemistry, 87, 40-41, 47, 51-52, 55 ; 
temperatures, 71-80 ; eclipses, 125- 
188; colour-changes, 185-186, 141- 
142, 146-148 ; nature and variety of 
tints, 186-149 ; photographic charts, 
868, 865 ; distribution, 868-865, 869- 
870 ; belt-formation, 866-868 ; collec- 
tion into rings and streams, 871-873 

Stebbins, spectrum of Mira, 58, 54 ; 
light-change, 100 

Stefan's law of cooling, 71, 72 

Stellar nebuln, monochromatio light, 
64 ; coUected in Milky Way, 65 ; re- 
moteness, 66, 246; radial velocity, 
275 

Stokes, Sir George, temperature-relations 
of line-spectra, 78 

Stone, measurement of stellar heat, 72 ; 
centre of gravity of a Oentauri, 174 

Stratonofl^ constitution of the Pleiades, 
220 ; photographs of Pleiades nebuln, 
225 ; distribution of nebuln, 854 

Stmve, F. G. W., observation of a red 
star, 141; colours of double stars, 
148, 144, 147, 148» 182; assigned 
limit of apparent distanoe, 151, 159 ; 
detections, 164, 181, 197; observa- 
tions, 198, 829; colour- perception, 
146 ; magnitudes of 44 Bodtis, 179 ; 
fifth star in trapesium, 205 ; stellar 
parallax, 284; criteria of stellar 
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Tloiiiity, 287 ; proper motioiiB of 
double stars, 822 ; stratnm-thooiy of 
Milky Way, 841 ; Dumber of the stars, 
868 

StniTe, L., determination of solar apex, 
807; avenge proper motions^ 818- 
819 ; their assumed rotation-oom- 
ponent, 881 

Stmve, 0^ Pulkowa catalofoe, 161 ; 
division of 8 Eqnnlei, 168 ; variable 
double stars, 178, 180 ; double satel- 
lite of 7 Andromeda, 196 ; move- 
ments of j- Caaorii 199 ; detection of 
a variable nebula, 278 

Stumpe, solar translation, 808 

Sun, stellar magnitude^ 22 ; machinery 
of radiation, 84 ; oaldnm-oonstitaent, 
42-48, 118; titanium, 46; tempera- 
ture, 71, 80 ; analogy with variable 
stars, 112-114 ; relations to sidereal 
world, 801, 802-808; translation in 
space, 802-806, 806-810; nature of 
orbit, 811-818 ; possible companions, 
880 

Sun-spots, spectral analogies with red 
stars, 62, 66 ; cyclical Tiriations com- 
pared with stellsr light^ihanges, 112- 
114 

Sutton, relations of star-belt, 866 

Swift, nebulous star, 244 ; nebulous 
nebulflB, 247 ; hair-line nebula, 264 ; 
stellar and nebular couples, 266 ; de- 
taU in Omega nebula, 270 

Tauri, X, an eclipsing binary, 180-181 
Tebbutt, iiuUng of a red star, 141 ; 

variable double star, 180 
Telescopes, equatoreal mounting, 16, 28 ; 

short focus, 24 ; photographic^ 26 ; 

laige apertures, 88, 188 
Tempel, blaM in Andromeda nebula, 89 ; 

discovery of Merope nebula, 228 
Temperature, of the sun, 71 ; of stars, 

72-76, 77-78, 80; of nebuln, 79, 

280-281 
Temporary stars, origin of spectra, 62, 

91, 96 ; individual outbursts, 82-96 ; 

distribution, 88-90; sites of those 

extinct, 184 ; oolour-ohanges, 141-142 
Tenuity, of eclipsing stars, 188 ; of 

nebule, 280 
Thiele, structure of fluted spectra, 60 ; 

period of Oastor, 167 
Tliome, Cordoba Daidunustemng, 6 
Tidal friction, influence on development 

of stellar systems, 208-209 
Tisserand, theory of Algol's inequalities, 

129, 182 
Titanium, absorption-lines in solar and 

stellar spectra, 46, 62» 66 ; flutiaga in 

Antarian stars, 61 



Toucani, 47, oompreased cluster, 2S6; 
surrounding blankness of sky, 2S7 

IVapezium, in Orion nebula, apectaral 
peculiarities, 67-68, 264; distxuveries 
of components, 206-206 ; genetio rela- 
tions, 218 ; connected nebulofoa 
structures, 264 

Trifid nebula, naclear multiple star, 207; 
luminous changes, 279 

Trowbridge and Bichards, spectral flvt- 
iiigs,49 

Turner, discovery of Nova Gemincram, 
96 ; investigation of variable star 
periods, 118 ; relative drift of brigikter 
stars, 882 

Ursn Migoris, a, cdour-variability, 136 

Ursn Migoria, ^, a telescopic double star, 
160 ; a spectroecopic binary, 189, 197 ; 
quadruple system, 201 ; mode of 
origin, 218 ; part of a drifting squad- 
ron, 828 

UrsB Migoris, {, orbit, 169-170; re- 
lative masses of components, 176 ; a 
triple system, 197 ; lower liaolt of 
parallax, 286 

Ursa JAaiat, star-diift in, 827-829 

Variable nebula, examples, 277-280 
Variable stars, redness, 62, 114 ; display 
of bright lines at maximum, 62, 110, 
118 ; third spectral type, 64 ; fourth 
type, 67 ; conditions of luminous 
excitement, 79 ; diversifled phenomena, 
81 ; five classes, 82 ; sudden appari- 
tions, 82-96 ; catalogues, 97 ; of long 
periods, 97-106 ; irregular, 106-110 ; 
of short periods, 97, 116-126 ; distri- 
bution of periods, 98, 117 ; explanatory 
hypotiieses, 110-116; ecUpein^ 126- 
184; collected in groups, 184; 
coupled, 160, 178-184 
Vega, apparent brilUanoy, 8, 22; hy- 
drogen-series in spectnim, 88, 41 ; 
temperature, 74; ultra>violet radia- 
tions, 77 
Velorom, R^ nature of eclipses, 126, 181 
Velorum, S, eclipses undergone by, 126 
Velorum, r, fading of colour, 141 
Velorum, 7, emission-spectmm, 68, 87 ; 

oxygen-absorption, 64 
Very, nebnlosi^ round Nova Persei, 96 
^llarceau, par^lax of binaries, 286 
TOiginis, 7, duplicity, 160; orbit, 178- 
174 ; relative masses, 176 ; luminosity, 
176; variabiUty, 178; spectrum, 179 ; 
spectroscopic parallax 286 
Vo^, H. C, speetrographio m sa wMe 
of radial velocity, 29, 186» 828; 
discrimination of helium-stais^ 86 ; 
movements within Orion nebula, 69, 
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276 ; obtenration of Note Goroma, 86 ; 

spectroBOopio binaries, 105, 190, 192 ; 

eolipsM of Algol, 117, 128 ; spectra of 
^ 95 Herculis, 147 ; investigations of 

dnsters, 282, 241; peculiarities of 

planetary nebula, 246, 249, 256; 

variable nebula, 278 
Vogel, H. W., spectrum of hydrogen, 

87 

Ward, Nova Andromedn, 89 
Waters, distribution of nebulas, 854 
Webb, colour of U Cygni, 188 ; arrange- 
ment of cluateilng stars, 287, 288 ; 
planetary nebula, 800 ; stax^pattems, 
871 
Weber, twinkling of stars, 6 
Weersma, movements of the Hyades, 827 
Wesley, photographs of the Pleiades, 
225 ; diagrams of Andromeda and 
Orion nebuln, 258, 259, 265 
Whewell, interstellar situation of nebula, 

851 
Whirlpool nebula, typical of spiral class, 
248, 252 ; deflection of branches, 258, 
259 ; repulsive action betokened, 274 
Wiedemann, Ixmiinesoence, 77 
Wien's law of spectral energy, 79 
Williams, investigatlona of variable stars, 

120 
Wihdng, stellar spectrograms, 86 ; phase- 
curve of Algol, 129 ; perturbations of 
61 Cygni, 155 
Wilson, nebulosity round Nova F^rsei, 
94 ; photograph of an irregular nebula, 
268; repi^ve effeois in Whirlpool 
nebula, 274 
Winlock, double satellite of Begulus, 159 



Winnecke^ light-change of S Monocerotis, 
181 ; measurement of Ftasepe, 288 ; 
variability of a nebula, 278 ; parallax 
of a faint star, 290 

WoU; C, catalogue of the Pleiades, 219, 
220 ; nebulous condition, 224 ; map 
of stars in Pmsepe, 288 

Wol( Max, discoveries of nebula, 11 ; 
observation of Andromeda nebula, 
89 ; nebulosity round Nova Persei, 
98 ; photographs of nebula, 258, 259, 
270, 271, 852-858; *< snake " nebula, 
267 ; replacement of stars by nebula, 
852-858 ; nebular survey, 854 

WoU; R., period attributed to 17 Carina, 
107 ; solar and stellar periodicity, 112 

Wolf-Rayet stars, emission beams, 56, 
62-68; affinities, 56, 64, 95, 96; 
number and distribution, 64 ; in- 
sensible parallaxes, 800 

Woods, detection of a variable star, 126 

Wright, Thomas, disc-theory of Milky 
Way, 859 

Wright, W. H., spectrograms of Iftira, 
58 ; spectroscopic parallax of a Cen- 
tauri, 286 

TendeU, colour and periods of variables, 
114 ; eoUpses of U Cephei, 181 

Toung, calcium-vapour in sun, 42, 48 ; 
diagram of sun's path in space, 812 

Zaeh, red stars, 188 

Zeeman effect imperceptible in fluted 

spectra, 49 
Zodiac, signs of the, 2 
Zollner, polarising photometer, 21 




PrinUdh R. « R. Cuuue, Limitxd, EduOmrgk. 
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